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1CHAPTER 1
A LITERATURE SURVEY
D u rin g  th e i r  lifetime, people  le a rn  many th in g s .  In  ea r ly  
ch i ld h o o d , th e y  le a rn  to in t e r a c t  w ith  th e i r  en v iro n m en t an d  w ith o th e r s ,  
to  m an ipu la te  ob jec ts  and  to r e s p o n d  a p p ro p r ia te ly  to th e i r  g u a rd ia n s .
C h ild re n  le a rn  to sp e a k  an d  to  use  la n g u a g e ,  p ro v id in g  an 
eno rm ous ly  p o w erfu l  s e t  of skills  th a t  will h ave  th e  most p ro fo u n d  e f fec t  
on all t h e i r  s u b s e q u e n t  le a rn in g  a n d  th is  will se t  them a p a r t  from all 
o th e r  animals fo r  th e  rem ainder  of life .
So hum an ind iv idua ls  will co n t in u e  th e i r  "Socialization", as 
well as  le a rn in g  to r e s p o n d  a p p ro p r ia te ly  to symbols w hich r e p r e s e n t  
th e  e n v iro n m e n t  in m in ia tu r ized  fa s h io n .  In  o th e r  w o rd s ,  th e y  have  
to  le a rn  how to deal w ith th e  en v iro n m e n t  and  peop le ,  no t only by  
d i r e c t  in te ra c t io n  with ob jects  a n d  p eo p le ,  b u t  b y  so lv ing  problem s 
c o n s t r u c t e d  in  th e  im agination. (1)
As educa tio n  c o n t in u e s ,  man le a rn s  more an d  more spec ia lised  
know ledge  a n d  more h igh ly  complex sk i l l s .  (2) H ow ever, it is p oss ib le  to 
t h in k  a b o u t  le a rn in g  in all its  v a r ie t ie s  by  focuss ing  on w hat is le a rn e d  
a n d  how i t  is  l e a rn e d ,  r a th e r  th a n  upo n  th e  cond itions  w hich ob ta in  
w hen  le a rn in g  o c c u rs .
I t  is n e c e s s a ry  to d is t in g u is h  as c lea r ly  as  p o ss ib le  be tw een  
th e  v a r ie t ie s  of le a rn e d  capab il i t ie s .  T h e s e  capab ili t ie s  m ust be 
o b s e r v e d  as d i f f e re n t  k in d s  of hum an b e h a v io u r .
21 -  An ind iv id u a l  may le a rn  to in t e r a c t  w ith th e  en v iro n m en t by  u s in g
logic sym bols. T h is  k in d  of l e a rn e d  capab il i ty  is g iven  th e  name 
"in te llec tua l sk il ls" .  (3j
2 -  A p e rso n  may le a rn  to s ta t e  o r  r e t r i e v e  some m eaningfu l in fo rm a t­
ion as s ingle  e n t i t i e s ,  o r  as  g ro u p s .  In  th is  case ,  an in d iv id u a l  
m ust know how to c o n s t r u c t  a t  le a s t  simple sen te n c e s  t h r o u g h  
m eaningfu l le a rn in g .  In  o th e r  w o rd s ,  be ing  able to s t a t e  id e a s ,  
r u l e s ,  an d  so on , is  a l e a rn e d  capab ili ty  called " v e rb a l i sa t io n " .
3 -  T he  hum an has  le a rn e d  sk ills  (cogn it ive  s t r a t e g ie s ) ,  b y  w hich  he
m anages h is  own le a rn in g ,  rem em b erin g ,  an d  th in k in g ,  w hich  a re  
r e q u i r e d  to solve any  p ro b le m s .
4 -  T he  p e rs o n  has  le a rn e d  to e x e c u te  movement in a n u m b er  of
o rg a n is e d  motor a c t s ,  s u c h  as d raw ing  th e  p ic tu re  of a cell.
Human b e in g s  acq u ire  most of th e i r  hum an qu a l i t ie s  th ro u g h  m ean ing fu l 
l e a r n in g ,  and  th e  capac ity  fo r  le a rn in g  makes possib le  th e  r e m a rk a b le  
d i f fe re n c e  in  p a t t e r n s  of b e h a v io u r  of h u m an s ,  as well as  th e i r  enorm ous  
a d a p ta b i l i ty  to c h a n g e .  T h u s  " lea rn in g  is a change  in hum an
d ispos it ion  o r  c ap a b il i ty ,  w hich  p e r s i s t s  o ver  a p e r io d  of tim e, a n d  
w hich  is  no t simply a s c r ib a b le  to th e  p ro c e s s  of g ro w th " .  (4 ) .
31.1  T h e re  a re  fo u r  main schools of th o u g h t  abou t le a rn in g :  those
of A u su b e l ,  G agne, P ia g e t ,  an d  th e  N eo-P iagetian  a n d ,  of t h e s e ,  the  
f i r s t  th r e e  have  re c e iv e d  a g re a t  deal of a t ten tio n  in th e  l i t e r a t u r e  of 
sc ien ce  ed u ca t io n .  E ach ,  ho w ev er ,  h a s  b een  c r i t ic ise d  in r e c e n t  
l i t e r a t u r e .  The n e x t  C h a p te r  will d e s c r ib e  a model of memory a n d  
in fo rm ation  p ro c e s s in g ,  w hich  can be  u s e d  to guide  an d  inform  sc ience  
edu ca tio n  r e s e a r c h .
O ver  th e  p a s t  tw elve y e a r s ,  in sc ience e d u ca tio n ,  cogn it ive  
sc ience  h a s  em erged  as a s tu d y .  "This  new view b r in g s  to g e th e r  
r e s e a r c h e r s  with o v e r la p p in g  in t e r e s t s  from th e  fields of a r tif ic ia l  
in te l l ig e n c e ,  p s y c h o l in g u is t ic s ,  ep is tem o logy , e d u ca tio n ,  an d  n e u r o ­
p h y s io lo g y " .  (5) Even th o u g h ,  th e  pub lica tion  of Newell an d  Simons, 
"Human problem  so lv ing" (6) is o f ten  c i ted  as th e  b eg in n in g  of th e  e ra  
of co g n it iv e  sc ien c e .  Some of th e  major epistemological i s s u e s  a d d re s s e d  
b y  co g n i t iv e  s c ie n t i s t s  can be found  in the  w r it in g s  of K a n t ,  Hume 
a n d  o th e r  s e v e n te e n th  c e n tu r y  p h i lo s o p h e r s .
By th e  1950s a n d  ea r ly  1960s, even  logical empiricism was being  
c h a l le n g e d  by  th e  w r i t in g s  of p h i lo so p h e rs  of sc ience , s u c h  as  Toulmin (7 , 
8 ) ,  H anson (9) an d  K uhn  (10),  whose views on know ledge w ere  more 
com patib le w ith cogn it ive  p sy c h o lo g y .  C hom sky 's  d e v a s ta t in g  rev iew  
of S k in n e r 's  b e h a v io u r is t  ideas  s ta te s  th a t  "behaviourism  was e s se n t ia l ly  
f in ish e d  as  a th e o ry  th a t  could ad eq u a te ly  explain  th e  more complex 
a s p e c t s  of human m ental a c t iv i ty " .  (11)
From th a t  p o in t ,  p s y c h o lin g u is ts  b eg an  to tack le  p rob lem s 
th a t  w ould help  to g ive  focus  to r e s e a r c h  in cognitive  s c ien c e .  (12 ).
4T h e r e  can be  no d o u b t  th a t  A usube l and  P ia g e t ,  r e s e a r c h e r s  familiar to 
s c ien ce  e d u ca tio n ,  w ere also f o r e r u n n e r s  of co g n it iv e  s c ie n c e ,  sh a r in g  a 
commitment to a cogn it ive  view of hum an b e h a v io u r .  C og n it iv e  s c ie n t is ts  
acknow ledge th e ir  d e b t  to P iage t even  as th ey  c h a l len g e  h is  developm ental 
t h e o r y ,  b u t  th e  s im ilari ties  be tw een  A u su b e l 's  w ork  an d  th a t  of cognitive  
s c ie n t i s t s  have  o f ten  b een  overlooked .  A n d e rso n  (13) an d  S h a lle r t  
h a v e  re c o g n ise d  s im ila r i t ies .  S h a lle r t  s a id ,  "The s im ilari ty  betw een 
A u s u b e l 's  th e o ry  of know ledge  acqu is i t ion  an d  schem a th e o ry  is o b v io u s" ,  
a n d  sa id ,  "it is to  me a f luke  of p sy c h o lo g y 's  h i s to ry  th a t  A usube l is no t 
more closely a s so c ia ted  with c u r r e n t  schema th e o re t ic  n o t io n s" .  (14)
His r e s e a r c h  h a s  b e e n  th e  cen tra  of c o n t r o v e r s y , s h a rp ly  c r i t ic ised  and  
v eh em en tly  d e fe n d e d  fo r  y e a r s .
Of all th e  r e s e a r c h  a rea s  a d d re s s e d  b y  co g n i t iv e  s c ie n t is ts ,  
some a re  more im p o r ta n t  th a n  o th e rs  fo r  sc ience e d u c a t io n .  Problem ­
s o lv in g ,  cogn itive  deve lopm en t,  and  le a rn in g  a re  p a r t i c u la r ly  im portan t .
I n  ad d i t io n ,  r e s e a r c h  on g en e ra l  in te l l igence  b y  H u n t (15) an d  S te rn b e rg  
(1 6 ) ,  could be of i n t e r e s t  to sc ience e d u c a to r s ,  b e c a u se  of its  em phasis 
on th e  ac t iv i t ie s  of th in k in g .  Science educa tion  in  schools  today  aims to 
p rom ote  th e  p u p i l s '  u n d e r s ta n d in g  of bas ic  sc ien t if ic  c o n c e p ts .  R ecen t 
s tu d ie s  by  Bell an d  D r iv e r  h av e  in d ica te d  th a t  " le a rn in g  sc ience  is no t a 
m a t te r  of p a s s iv e ly  a b so rb in g  in form ation , b u t  of a c t iv e ly  c o n s t ru c t in g  
fo r  onese lf  an  u n d e r s ta n d in g  of o b s e rv e d  e v e n t s " .  (17 ,18 )  P up ils  u se  th e ir  
e x i s t in g  id e as ,  w hich  may o r  may no t be  acc ep ted  sc ien t if ic  id e a s ,  to 
i n t e r p r e t  or c o n s t r u c t  a meaning fo r  w hat th e y  see or h e a r .  This  
r e c o g n ise s  th e  im portance  of th e  l e a r n e r 's  "p r io r  know ledge"  in f luenc ing  
th e  u n d e r s ta n d in g  of new in form ation . (19)
5Cognitive sc ience  should  be  able to help  u s  u n d e r s t a n d  th e se  
p henom ena .
1. 2 A P iage tian  View
T h e  w ork  of P iag e t  is d i re c t ly  c o n c e rn e d  w ith  how c h i ld ren  
le a rn .  I t  is p r im ar ily  co n ce rn ed  w ith  d e sc r ib in g  a n d  exp la in ing  in  a v e ry  
sy stem atic  way th e  g row th  and  developm ent of in te l lec tu a l  s t r u c t u r e  a n d  
know ledge .  He see s  th a t  in te llec tua l and  biological ac t iv i ty  a re  b o th  p a r t  
of th e  overall  p ro c e s s  b y  which an organ ism  a d a p ts  to  th e  env ironm en t 
a n d  o rg a n is e s  e x p e r ie n c e .  He also th in k s  th a t  cogn itive  s t r u c tu r e s  
[sch em a ] ,  a re  co n t in u a lly  be ing  modified th ro u g h o u t  life . T hese  a re  
con tro l led  by  in te r n a l  c h an g e s  [m atu ra tion  and  eq u i l ib r iu m ] ,  and  e x te rn a l  
c h a n g e s  [social r e a c t io n ,  endowment and  e x p e r ie n c e ] .
T h e se  c o n ce p ts  a re  u sed  to exp la in  how an d  why mental 
developm ent o c c u r s . He also be lieves  the  mind has  to h ave  s t r u c t u r e s  
much in th e  same way as the  body does .  (20) P iag e t  says  th a t  know ledge 
is  n o t  t r a n s m i t te d  d i r e c t ly ,  b u t  is c o n s t ru c te d .  L e a rn in g  is a p ro c e s s  of 
bu ild in g  up  th e  s t r u c t u r e  of the  human mind li t t le  b y  l i t t le .  Cognitive  
a c ts  a re  seen  as "ac ts  of o rgan isa t ion  of, and  a d a p ta t io n  to th e  p e rc e iv e d  
e n v i ro n m e n t" . T he  ch ild  develops th e  ab ility  to so lve  p rob lem s th a t  can 
b e  so lved  th r o u g h  logical op e ra t io n .  (21)
Some r e s e a r c h e r s  like H erro n ,  have  u s e d  P ia g e t 's  th e o ry  to 
d e s c r ib e  the  g e n e ra l is e d  logical opera t ion  [ s e r ia t io n ,  c o r re s p o n d e n c e ,  
r e v e r s ib i l i ty ,  com binational r e a so n in g ,  p ro p o r t io n a l  r e a s o n in g , e t c . ]  th a t  
a r e  likely  to be  ava ilab le  to ind iv iduals  a t  v a r io u s  a g e s ,  an d  th a t  a re
6n e c e s s a r y  fo r  an  in d iv id u a l  to make sen se  ou t of in fo rm ation  th a t  is 
d e l ib e ra te ly  " ta u g h t"  o r  sp o n tan eo u s ly  " le a rn e d " .
H e rro n  also m entioned t h a t ,  " lea rn in g  is  p o ss ib le  if  you  b ase  
th e  more complex s t r u c t u r e  on simple s t r u c t u r e s ,  t h a t  i s ,  when th e re  is 
a n a t u r a l  r e la t io n s h ip  a n d  developm ent of s t r u c t u r e s  an d  no t simply an 
e x te rn a l  r e in fo rc e m e n t .  (22) B u t  he does n o t  exp la in  how th is  o p e ra t io n  
ta k e s  p la ce .  O th e r  s u p p o r te r s  of P ia g e t ,  s u c h  as F loyd ,  Case an d  
Lovell, exp la in  th in k in g ,  no t as  r e p r e s e n t a t io n ,  b u t  as  a d e s c r ip t iv e  
e v e n t .  R a t h e r ,  i t  is  an  action w hich at f i r s t  o v e r t ly ,  an d  la te r  c o v e r t ly ,  
t r a n s fo rm s  one r e a l i ty  s ta te  in to  a n o th e r ,  t h e r e b y  lead ing  to know ledge of 
th e  l a t t e r  s ta g e .
In  P ia g e t 's  view, to u n d e r s t a n d  s t a t e ,  one m ust u n d e r s ta n d  th e  
t ra n s fo rm a t io n  w hich  b r o u g h t  th e  s ta te  a b o u t .  (23) He does n o t ,  
h o w e v e r ,  ex p la in  how th is  comes ab o u t .
1  ^ A u s u b e l 's  View
He h a s  d is t in g u is h e d  be tw een  re c e p t io n  a n d  d isco v e ry  le a rn in g ,  
on th e  one h a n d ,  an d  be tw een  m eaningfu l an d  rote  le a rn in g  on th e  o th e r .  
So i t  will be  n e c e s s a r y  to co n s id e r  in g r e a te r  d e ta i l ,  m eaningfu l le a rn in g  
as "a p r o c e s s " ,  an d  th e  re la t io n sh ip  of th e  m ean ing fu l le a rn in g  p ro c e s s  
to th e  n a t u r e  of i t s  " p ro d u c t" ,  nam ely , to th e  n a t u r e  of meaning i t se lf .
O nce it  is  c lear  what he th in k s  m eaning  i s ,  an d  to cons ide r  
g e n e r ic  m ean ings  o r  co n cep ts  and  how th e y  a re  a c q u i re d ,  th e n  it will also 
be  d e s i ra b le  to c o n s id e r  some of th e  c h a n g e s  in co g n it iv e  developm ent 
th a t  a f fec t  th e  n a t u r e  and  re la t iv e  im portance  of co n ce p t formation and
7c o n c e p t  assimilation at d i f fe re n t  s ta g e s  in th e  life cyc le .  ( 24,25)
In  rece p tio n  le a rn in g ,  th e  p r in c ip a l  c o n te n t  of w hat is to  be 
le a r n e d  is p r e s e n te d  to th e  le a rn e r  in more o r  le ss  i t s  final form. On 
th e  o th e r  h a n d ,  d isco v e ry  lea rn in g  means th a t  th e  p r in c ip a l  c o n te n t  of 
w hat is  to b e  le a rn e d  is no t given b u t  m ust b e  d is c o v e re d  b y  th e  le a r n e r  
b e fo re  he  can  in te rn a l ise  i t .  L ea rn ing  is m ean ing fu l if i t  can be  r e la te d  
n o n - a r b i t r a r i l y  an d  su b s ta n t iv e ly  to th e  l e a r n e r ’s s t r u c t u r e  of know ledge  
a n d  th a t  th e  le a rn e r  m anifests  a c o r re sp o n d in g  s e t  to do so.
N o n -a rb i t r a r in e s s  implies some p la u s ib le  o r  reasonab le  b as is  
fo r  e s ta b l i s h in g  th e  re la t io n sh ip  betw een th e  new m ateria l and  th e  r e le v a n t  
id e a s  in q u e s t io n .  T h e re fo re ,  A usube l see s  " th e  s ign if icance  of m ean ing­
fu l le a rn in g  fo r  acq u ir in g  and  re ta in in g  la rg e  b o d ie s  of " su b jec t  m a t te r" .
T h is  becom es s t r ik in g ly  e v id en t  when we c o n s id e r  th a t  human b e i n g ^ ' , (26) 
u n l ik e  c o m p u te rs ,  can in c o rp o ra te  only v e ry  lim ited am ounts of d is c re te  
v e rb a t im  m a te r ia l ,  and  can also re ta in  s u c h  m ateria l only o ver  v e r y  s h o r t  
i n t e r v a l s  of time, un le ss  it  is g rea t ly  o v e r le a r n e d ,  and  f re q u e n t ly  
r e p r o d u c e d .  H ence , th e  " trem endous eff ic iency  of m eaningful le a rn in g "  
as  an  in fo rm a tio n -p ro c e ss in g  and  s to r in g  m echanism can be la rge ly  
a t t r i b u t e d  to  th e  two p ro p e r t ie s  [ n o n - a r b i t r a r y  (o r  logically) an d  
s u b s t a n t iv e n e s s  (n o n -v e rb a t im n ess )  ] th a t  m akes le a rn in g  m ateria l p o te n tia l ly  
m e an in g fu l .
S u b s ta n t iv e n e s s  implies th a t  a g ro u p  of symbols could be  
s im ilarly  r e la te d  to th e  same re le v a n t  ideas  w ith o u t  an y  r e s u l t in g  c h a n g e  
in  m ean in g .  In  o th e r  w o rd s ,  "proposition  e x p r e s s e d  in synonym ous 
la n g u a g e  would induce  su b s tan tia l ly  th e  same m ean ing" . (2 5,26)
N o n -a rb i t r a ry  in co rp o ra tio n  of a le a rn in g  ta sk  in to  re le v a n t  
p o r t io n s  of cogn itive  s t r u c t u r e ,  so th a t  new meanings a re  a c q u i re d ,  
im plies th a t  th e  new meaningful le a rn in g  m ateria l becomes an o rg an ic  p a r t  
of an  e x is t in g ,  h ie ra rch ica l ly  o rg a n is e d  ideationa l sy s tem . T h u s ,  as a 
r e s u l t  of th is  ty p e  of anch o rag e  to g e n e r ic  cognitive  s t r u c t u r e ,  th e  new ly 
le a r n e d  m ateria l is no longer  d e p e n d e n t  for i ts  inco rpo ra tion  and  re te n t io n  
on th e  fra il  human capac ity  for ass im ila ting  an d  re ta in in g  a r b i t r a r y  
a s s o c ia t io n . "This  an ch o r in g  p ro c e s s  also p ro te c ts  th e  n e w ly - in c o rp o ra te d  
in fo rm ation  from the  in te r f e r in g  e ffec t  of p rev io u s  lea rn in g  and  
s u b s e q u e n t ly  e n c o u n te re d  similar m a te r ia ls  th a t  a re  so damaging in ro te  
le a rn in g "  .(27  ,25)
A u su b e l  sees  th e  ro te  le a rn in g  c h a ra c te r isa t io n  as no t a 
d icho tom y b u t  a con tinuum , along w hich r e s id e  sev e ra l  d e g re e s  of m ean ing­
fu ln e s s  of le a rn in g  ta s k .  The la t t e r  p r o p e r ty  is in f luenced  by  th e  
l e a r n in g  s e t  a n d  th e  r e le v a n t  cogn itive  d if fe re n t ia t io n  of th e  l e a r n e r .  (28) 
A u su b e l  also sees  th a t  th e  ab ility  to so lve  problem s calls fo r  su c h  t r a i t s  
a s  f e a s ib i l i ty ,  r e s o u rc e fu ln e s s ,  o r ig in a l i ty ,  an d  problem s e n s i t iv i ty ,  th a t  
a r e  n o t  only le ss  g e n e ro u s ly  d i s t r ib u te d  in th e  population of l e a rn e r s  th a n  
is  th e  ab i l i ty  to u n d e r s ta n d  and  r e ta in  v e rb a l ly  p r e s e n te d  id e a s ,  b u t  
a re  also le ss  te ach ab le .  (29.3(J) T h e re fo re  " the  s tu d e n t 's  fa ilu re  to u se  the  
p a r t i c u l a r  model to expla in  some c o n c e p ts ,  su ch  a s ,  so lids ,  l iq u id s ,  an d  
g a s e s ,  s u g g e s t s  th a t  th e  idea lacks m eaning in the  A usube lian  sen se  and  
th e r e  is no ev idence  of in te llec tua l deve lopm en t in th e  P iage tian  s e n s e " .  (22) 
So A u su b e l 's  th e o ry  is one of l e a rn in g ,  while P ia g e t 's  th e o ry  is one 
of deve lopm en t .
9B rie f ly ,  A u su b e l 's  no tio n s  help  u s  to u n d e r s t a n d  conditions  
t h a t  a f fec t  th e  acqu is i t ion  of new inform ation  and  in c o rp o ra t io n  of i t  in 
o u r  s to re  of p re v io u s ly  le a rn e d  in fo rm ation , so th a t  in te r re la t io n  among 
co n c e p ts  is c lea r  and  so th a t  in form ation  can be  reca lled  a n d  a p p l ied  to 
n o v e l s i tu a t io n s .  (31)
1. 4 A G agne View
He sees  hum an b e in g s  acq u ir in g  most of th e i r  hum an q ua l it ies  
t h r o u g h  le a rn in g .  T he  cap ac ity  of le a rn in g  makes possib le  the  re m a rk ­
able  d i f fe re n c e s  in p a t t e r n s  of b e h a v io u r  of hum ans ,  as well as th e ir  
enorm ous  a d a p ta b i l i ty  to c h a n g e .  (32) He c o n s id e rs  le a rn in g  as a ch an g e  
in  hum an ca p a c i ty ,  which p e r s i s t s  o v e r  a p e r io d  of time, and  which is no t 
sim ply a sc r ib a b le  to th e  p ro c e s s e s  of g row th .  So the  le a rn e r  makes 
s e n s e  th r o u g h  s tim ulation th a t  is c o n s ta n t ly  be ing  re c e iv e d  and  o rg a n ise d  
in to  v a r io u s  p a t t e r n s  of n e u ra l  a c t iv i ty ,  some of which a re  s to re d  in 
memory in s u c h  a way th a t  th e y  can  be r e c o v e re d .  S u ch  memories may 
th e n  b e  t r a n s la te d  in to  action th a t  may be o b se rv e d  as th e  movement of 
m uscles  in e x e c u t in g  re s p o n s e s  of v a r io u s  s o r t s .  T h is  means th a t  
le a rn in g  ta k e s  p lace w hen th e  s tim ulus  s i tu a t io n ,  to g e th e r  w ith th e  
c o n te n ts  of memory th a t  has  a l re a d y  been  o rg a n is e d ,  a f fec t  th e  l e a rn e r  
in s u c h  a way th a t  p e rfo rm ance  c h a n g e s  from a time b e fo re  b e ing  in  th a t  
s i tu a t io n  to a time a f te r  be ing  in i t .  (33)
G agne be lieves  in le a rn in g  h ie ra rc h ie s  in which m eaningfu l 
l e a rn in g  has  cum ulative  c h a ra c te r s  in which th e  acqu is i t ion  of specific  
r u le s  e s ta b l is h e s  th e  p o ss ib il i ty  of t r a n s f e r  of le a rn in g  to a n um ber of 
m ore com plex, h ig h e r - o r d e r  r u le s .  (34) On th e  o th e r  h a n d ,  he sees  th a t
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m ean ing fu l inform ation which is le a rn e d  o ccu rs  in  v a ry in g  d e g re e s  of 
com plex ity ,  depend ing  upon i ts  p ropos it iona l  s t r u c t u r e .  So th e  main 
re q u i re m e n t  is th a t  th e  le a rn e r  be  read i ly  able to gain acc ess  to  th e  
m ean ingfu l inform ation h e  a l re ad y  h a s .
H ence, some people a p p e a r  to be b e t t e r  in th e i r  p e r fo rm a n ce  
th a n  o th e r s ,  because  th e  q u a l i ty  of th e i r  le a rn in g  an d  th in k in g  is b e t t e r ,  
f a s t e r ,  o r  more p ro fo u n d .  (35) T he  Gagne le a rn in g  model h a s  b een  
f a u l te d  because  of i ts  limited sco p e .  "B ehav ioura l ob jec tives  may be  
su i ta b le  for spec ify ing  in te n d e d  le a rn in g  outcomes in th e  case  of skill 
l e a rn in g ,  b u t  th e  o th e r  ty p e s  of le a rn in g  outcom es, su c h  a s ,  p ro p o s it io n a l  
a n d  concep tua l  le a rn in g ,  canno t be  spec if ied  b y  "action" v e r b s . "  (36) 
M oreover ,  G agne 's  "bottom -up" view has  been  labelled  "assoc ia tion is t"  by  
S t r ik e  and  P o n se r ,  who have  commented on the  d iff icu lty  of s t r u c t u r i n g  
c o n te n t  u s ing  su ch  a model. T he  limited n a tu re  of the  c o n te n t  s t r u c t u r e  
p r e s e n t e d  by  G agne, White an d  o th e r  "bo ttom -up"  r e s e a r c h e r s ,  f r u s t r a t e  
q u e s t io n s  re g a rd in g  th e  d iv e rs i ty  of p u rp o s e s  for which one might 
s t r u c t u r e  c o n te n t ,  (37)
Now, how can one o rg a n ise  h ie ra rch ica l ly  m ean ingfu l in form ation  
a n d  r e t r i e v e  i t  when need ed ?  T h is  is no t completely an sw ered  in  G ag n e 's  
w ork .
1. 5 A N eo-P iagetian  A pproach
P a s cu a l-L eo n e , a one-tim e s tu d e n t  of P ia g e t ,  h as  t r i e d  to 
reco n c ile  a developm ental model with th e  th e o ry  of inform ation p ro c e s s in g  
now c u r r e n t  in cogn itive  sc ience . He has  a t tem p ted  to p lace  a q u a n t i ta t iv e  




B ecause  memory p la y s  a key  ro le  in most a s p e c t s  of cogn ition , 
th e  s tu d y  of memory shou ld  p ro v id e  im portan t  in s ig h t s  in to  cogn itive  
deve lopm en t.
Human cogn itive  sc ience is th e  s tu d y  of th e  p ro c e s s  by  which 
s e n s o ry  in p u ts  a re  t r a n s fo rm e d ,  r e d u c e d ,  e la b o ra te d ,  s to r e d ,  and  
r e t r i e v e d .
T h e re  a re  many r e s e a r c h e r s  who have  w o rk ed  in th is  la rge  
f ie ld ,  s u ch  as Miller, who a d a p te d  the  parad igm  of in form ation  p ro cess in g  
th e o ry  to p ro v id e  a new ap p ro a c h  to the  s tu d y  of s p e e c h ,  judgem ent an d  
dec is io n .  Miller's p a p e r  was im portan t for d raw ing  a t te n t io n  to how little  
th e  u p p e r  limit v a r ie s  in perfo rm ance  on ab so lu te  ju d g e m en t and  memory 
s p a n  ta s k s  and  for su g g e s t in g  reco d in g  th e  inform ation  to form c h u n k s  
can help  one overcom e th e  limited capacity  of sh o r t  te rm  memory. (38)
Simon a n d  B addeley  saw inform ation p ro c e s s in g  as th e  p redom ­
in a n t  ap p ro a c h  to  th e  su b je c t  of human cognition . Simon an d  Newell ( 6 ) 
a n d  B addeley  (39 ,40) developed  a h igh ly  in fluen tia l  th e o ry  of p rob lem -so lv ing  
b a s e d  on an anology be tw een  human b e in g s  and  th e  e lec tro n ic  com pu ter .
A tk inson  and  Shif f . r in  developed  a th e o ry  of hum an memory 
b a s e d  on th e  no tion  of inform ation p ro c e ss in g  analogous w ith inform ation 
s to r a g e .  (41,42)
Gagne an d  White d esc r ib e d  a model for memory s t r u c t u r e s  an d  
le a rn in g  outcomes a f te r  h ie ra rc h ic a l  le a rn in g .  (35)
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B ad d e ley 's  view is th a t  th e  memory is a b la n k e t  term  th a t  has  
o f ten  b een  u se d  to d e s c r ib e  the  ac tiv it ies  of a c q u is i t io n ,  r e ta in in g ,  and  
re c a l l in g ,  an d  a t  one time was th o u g h t  to be  fa c u l ty  capab le  of be ing  
e x e rc i s e d ,  like m uscle ,  in  o rd e r  to im prove th e  q u a n t i ty  of what we le a rn .  
(43)
A u su b e l 's  an d  C ag n e 's  views th a t  we a re  endow ed  with capacity  
fo r  m emorisation a n d ,  a l th o u g h  we can im prove on o u r  m ethods of assim ila­
t in g  in fo rm ation , i t  is  possib le  th a t  we h ave  limits to o u r  cap ac it ie s .
2 .1  Long Term  Memory and  S h o r t  Term Memory
Memory can  b e th o u g h t  of as h av in g  a long te rm  memory s to re  
a n d  a s h o r t  term  memory or w orking memory. (44)
The hum an Long Term Memory ( L .T .M .)  h a s  v a s t ,  unlimited 
c a p a c i ty ,  which is  so o rg a n ise d  as to perm it g e n e ra l ly  r a p id  recogn it ion  of 
familiar symbols an d  r e t r i e v a l  of inform ation a s so c ia ted  w ith reco g n ise d  
sym bols .  (45)
L .T .M . con ta in s  information th a t  is r e la t iv e ly  p e rm a n e n t .  We 
can  le a rn  new in form ation  because  L .T .M . is un lim ited .
A tk in son  an d  S h if f r in  p ro p o sed  s e v e ra l  co n tro l  p ro c e s s e s  th a t  
could  b e  u sed  in an a t tem p t to le a rn  new in fo rm ation , s u c h  as r e h e a r s a l ,  
c o d in g ,  and  im aging . (46,41)
In  o th e r  w o rd s ,  L .T .M . is a facu l ty  th a t  is in v o lv ed  with 
m ean ing fu l in form ation  be ing  s to re d  in an o rg a n is e d  way a n d  hav ing  a 
s e a r c h  p ro c e d u re  w hich allows for r e t r ie v a l  of r e le v a n t  s to r e d  inform ation  
w hen  we n eed  i t .
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A u su b e l  h y p o th e s ise d  th a t  r e te n t io n  an d  fo rg e t t in g  co n s t i tu te  
la te r  p h a s e s  in cogn itive  function of the  same in te ra c t io n a l  lea rn ing  
p ro c e s s  b e tw een  new lea rn ing  material an d  e x is t in g  r e le v a n t  ideas in th e  
l e a r n e r 's  s t r u c t u r e  of know ledge. (29,30)
B r u n e r  sees  the  p ro cess  of le a rn in g  as e s se n t ia l ly  one of 
t r a n s f e r r i n g  inform ation  from our env ironm en t in to  o u r  L .T .M . th ro u g h  
s h o r t  te rm  m em ory/ w orking memory. (4 7)
In  M iller's view, people a re  limited in th e  num ber of items th e y  
can  k eep  ac t iv e  in  S h o r t  Term Memory, an d  th a t  i t s  limited capacity  
in f lu en ces  th e i r  pe rfo rm ance  in a v a r ie ty  of t a s k s .  (38)
Miller u s e d  the  word "chunk" to d e s c r ib e  a c lu s te r in g  of p ieces  
of in form ation  which are  recogn ised  to g e th e r ,  an d  he p o in ted  out th a t  th e  
n u m b e r  of c h u n k s  which can be held  in S .T .M . is a b o u t  7. (48) A "chunk"  
is w ha t an ind iv idua l  makes i t .  In some c i rc u m s ta n c e s  a ch u n k  may be  a 
s ing le  p iece  of in form ation , such  as a l e t t e r ,  a d ig i t ,  or a symbol. In  
o th e r s ,  d e p e n d in g  upon p rev ious  know ledge , a c h u n k  may be a c lu s te r  of 
p ieces  of in fo rm ation ,  su ch  as an e n t i re  ten  d ig i t  p h o n e  n u m b e r .  He 
s ta t e s  th a t  th e  S .T .M . span  is a f ixed  n u m b e r  of c h u n k s ,  b u t  th a t  the  
in form ation  it con ta in s  can be in c re a sed  b y  b u ild in g  up  la rg e r  and  l a rg e r  
c h u n k s .  (49)
T h e re  is  in c reas in g  ev idence th a t  the  major d e te rm in an t of 
in d iv id u a l  d i f fe re n c e s  in memory is how e f fec t iv e ly  people  can  group  
m ateria l  in to  familiar ch u n k s .  (50) "B ut S .T .M .  sho u ld  be m easu red  in 
c h u n k s  r a t h e r  th a n  in ind iv idual item s" . ( 5 0
Jo h n s to n e  d esc r ib e d  a chu n k  as w hat an  o b s e r v e r  p e rce iv es  or 
r e c o g n is e s  as a u n i t ,  for in s ta n ce ,  a w ord ,  a l e t t e r  or d ig i t ,  when
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d e s c r ib in g  p rob lem -so lv in g  a b i l i ty .  " I t  is a s so c ia te d  with a s tu d e n t 's  
a b i l i ty  to o rg a n is e  o r  "chunk"  the  in form ation  p ro v id e d  in the  problem  in to  
m em orisable  p a t t e r n s " .  (5 2j
W orking Memory (W.M.) is c o n s id e re d  to be  invo lved  in th e  w ork  
done  in t r a n s fo rm in g ,  r e d u c in g ,  an d  e lab o ra t in g  inform ation  for th e  
p u r p o s e s  of more economical s to ra g e ,  th e  com bination of inform ation  from 
o th e r  s o u r c e s ,  and  th e  solving of p ro b lem s . (53)
A n d e rs o n  sees  W.M., "as a k in d  of d e s k to p ,  a w ork sp ace  fo r  
h o ld in g  in fo rm ation  n e e d e d  tem pora r i ly  fo r  th e  p u rp o s e s  of some o th e r  
p ro c e s s in g  a c t iv i ty  an d  i ts  ho lding cap ac ity  is limited in amount and  tim e."  
(54)
W.M. can be th o u g h t  of as a m ental space  w here ideas a re  h e ld  
a n d  w o rk ed  u p o n .
2 .2  G agne an d  White o ffe r  a model of inform ation  p ro c e s s in g .
In  t h e i r  p i c tu r e ,  all in form ation  h as  to be  p ro c e s s e d  th ro u g h  W.M. b e fo re  
s to r a g e  in L .T .M .  When a r e s p o n s e  is r e q u i r e d ,  inform ation from o u ts id e  
is  m ixed w ith  inform ation  from L .T .M .  and  p ro c e s s e d  to make a r e s p o n s e .  
H ow ever ,  th is  is  con tro lled  b y  th e  limited size of W.M.
T h e  following f ig u re  shows G agne an d  W hite 's model: (3 ,55 )
o u ts id e  inform ation 
th r o u g h  se n se s
r e t r i e v in g  ^ W.M.L .T .M .
XT s to ra g e
re sp o n d in g
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2 .3  P a s c u a l-L e o n e , a form er s tu d e n t  of P iag e t ,  n o ted  th a t  s t u d e n t s
seem ed to o p e ra te  a t  more th a n  one P iag e tian  level on ta s k s  w hich  seem ed 
to h a v e  th e  same logical s t r u c t u r e .  P iag e t  h ad  d e sc r ib e d  th is  as 
" h o r izo n ta l  decalage" . (56)
P ascua l-L eone  s u g g e s te d  th a t  "a l th o u g h  two ta s k s  h a d  th e  same 
logical s t r u c t u r e ,  th e y  would no t invo lve  th e  same amount of in fo rm ation  
h a n d l in g " .  (5 7) He was able to show th i s  experim en ta lly .
He r e c o g n ise d  th e  im portance  of th e  limitations of w ork ing  
memory s p a c e ,  and  t r i e d  to b lend  th is  in w ith  P iage tian  w ork a n d  so he 
c r e a te d  th e  N eo-P iagetian  movement.
He d e s c r ib e d  th e  Working Memory as hav ing  M -space an d  re la te d  
th i s  to th e  M-demand of a ta s k .  In  line w ith  h is  P iage tian  t r a in in g ,  he 
t r i e d  to  re la te  M -space to ag e ,  showing th a t  it in c re a se d  b y  ro u g h ly  one 
u n i t  fo r  e v e ry  two y e a r s  of age and  levelled  off a t  abou t age  16. He 
re c o g n is e d  th a t ,  in p ra c t ic e ,  d i f fe re n t  in d iv id u a ls  had  d i f f e r e n t  m easu rab le  
M - s p a c e s . T he  su g g e s t io n  was th a t  th is  was made up of two p a r t s ,  w hich 
he  ca lled  (a) and  ( k ) ;  'a' was a c o n s ta n t  fo r  an ind iv idual and  k grew  with 
age  (a  + 1, a + 2, a + 3 , . . . . a  + k ) .  (57') O th e r  psycholog ica l fa c to rs  
w ere  seen  to p lay  a p a r t  in  a s tu d e n t 's  ab i li ty  to use  his M -space to ta ck le  
a p rob lem  of a g iven  M -dem and. In  p a r t i c u la r ,  Field D ependence was seen  
as  a lim ita tion . I f  a s tu d e n t  was F ield D e p e n d e n t ,  he would n o t  u se  h is  
M -space  to th e  full e x te n t  and  so would te n d  to handle  ta s k s  of low er th a n  
e x p e c te d  dem and . (58)
16
2 .4  Jo h n s to n e  has  deve loped  a model for capac ity  d e r iv e d  from
White and  r e la te d  to P ascua l-L eone  and  A usube l.
T he  idea of h o ld in g - th in k in g  space  em erges as  a view of th e  
W orking Memory in which we h av e  a s h a re d  space for ho ld ing  in form ation  
an d  w ork ing  on i t .  I f  too much h a s  to be  h e ld ,  th e re  is no sp ace  le f t  
fo r  th e  o p e ra t io n s  of c h u n k in g ,  c o d in g ,  o rd e r in g ,  and  se n d in g  fo r  s to r in g  
in th e  L . T . M .  On th e  o th e r  h a n d ,  if  th e  w orking o p e ra t io n s  a re  com plex, 
th e  am ount of inform ation  which can  be  h and led  m ust be  small.
T he  model is sum m arised  in  th e  following d iagram :
H o ld in g /
th in k in g
space
Z-demand o f  ta s k
C o g n i t iv e  le a r n e d  s t r a t e g i e s  
space
So h is  h y p o th e se s  a re ,  th a t  th e  dem and of a ta s k  (Z) m ust n o t  exceed  (X) 
( W . M . S . ) .  If  i t  is to be  done Z ^  X for su c c e s s .  T h is  is a n e c e s s a r y ,  
b u t  n o t  su f f ic ie n t  condition for s u c c e s s .
I f  Z > X , th e  ta s k  can on ly  be  done if cognitive  le a rn e d  
s t r a t e g ie s  (Y) a re  available  for c h u n k in g  Z to make it le ss  or equal to X. 
(59)
T he  n a tu re  of th e  t a s k  (Z) will determ ine how (X) is to be 
d ep lo y ed  in hold ing  an d  p ro c e s s in g .  T h is  will be  modified b y  th e  action  of 
Y w hich is made up of s t r a te g ie s  reca l led  from L . T . M.  (6o)
T hey  may enab le  th e  in fo rm ation  load of Z to be  r e d u c e d  b y  
c h u n k in g  and  th e y  will also c o n t r ib u te  to th e  coding and  sh a p in g  ac t iv i t ie s  
b e in g  b ro u g h t  to b e a r  upon th e  in fo rm ation . (6 I)
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All of th is  m ust o p e ra te  w ithin the  limited con fines  of the  
h o ld in g - th in k in g  space  (X) .  T he  effic iency  of X in ho ld ing  an d  p r o c e s s ­
ing  m ust  be r e la te d  to Y . Y lin k s  in  w ith A u su b e l’s id ea  of m eaningfu l 
le a rn in g  in th a t  w hat we a l re a d y  h a v e  as know ledge of fac ts  a n d  some 
reca ll  as s t r a t e g i e s , will in  t u r n  o p e ra te  th ro u g h  Y to make th e  e ff ic ien t  
u se  of X p o ss ib le .
T he  Z -dem and  of th e  ta s k  may be p e rc e iv e d  b y  th e  s tu d e n t  as
h ig h
(i) w hen i r r e l e v a n t  m ateria l  is p r e s e n t  and  in te ra c t in g  with p re v io u s  
e x p e r i e n c e ,
(ii) w hen some n e c e s s a ry  elem ent is a b s e n t ,
(iii) when th e  n u m b e r  of c h u n k s  still exceeds  X -sp a c e ,
( iv )  w hen th e re  is no s t r a t e g y  of ch u n k in g  d ev ice s ,
(v )  when unfam iliar v o c a b u la ry  is  u s e d ,
(v i)  w hen th e  whole G es ta l t  of th e  T ask  makes th e  ta s k  look in s u rm o u n t­
ab le ,
(v ii)  when m isleading f ig u re s  (p ic tu r e s )  a re  p r e s e n t ,
(v ii i)  w hen s tu d e n t s  h av e  n o t b e e n  t r a in e d  to fo rm ulate  an d  t e s t  th e o r ie s ,
( ix )  when th e  c o n te n t  of th e  q u es t io n  is a s so c ia ted  w ith  d if f icu l ty  in 
p re v io u s  e x p e r ie n c e .
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2. 5 T e s ta b le  H y p o th eses  A ris ing
All of th i s  th e o ry  leads  to a num ber  of h y p o th e s e s  w hich  will be 
t e s t e d  exp er im en ta lly  in th is  piece of r e s e a r c h  in biological e d u c a t io n .
1 -  P ro v id e d  a s tu d e n t  h a s  th e  n e c e s s a ry  biological k n o w le d g e ,  he  shou ld
b e  able to b e  s u c c e s s fu l  in ta sk s  which h av e  a dem and le s s  th a n  or 
equa l to h is  W.M. cap ac ity .
2 -  When th e  dem and of th e  ta sk s  exceeds  th e  W.M. c a p a c i ty ,  a d ro p  in
pe rfo rm a n ce  is e x p e c te d  un less  th e  s tu d e n t  h as  some s t r a t e g y  for 
coping w ith th i s .
3 -  In  a p a p e r  w ith  a s e t  of q u es tio n s  of v a ry in g  d em an d s ,  th e  s tu d e n t
of lower ca p a c i ty  will have  access  to less  of th e  p a p e r  th a n  th e  
s tu d e n t  of h ig h e r  cap a c ity .  T h is  will a p p e a r  as a low er a l l-over  
sco re  fo r  low cap a c ity  s tu d e n t s  w hen com pared  to  th o s e  of h ig h e r  
cap a c i ty .  In  a p a s s / f a i l  s i tu a t io n ,  more s tu d e n t s  of h ig h  capac ity  
shou ld  p a s s .
4 -  I t  shou ld  be  p o ss ib le  to c o n s t ru c t  exams in w hich th e  inform ation
dem and of all th e  q u e s t io n s  is w ithin th e  cap a c ity  of all s tu d e n t s .
Any d iscrim ination  would th e n  be due  to biological f a c to r s .
2. 6 O th e r  P sy ch o lo g ica l  F ac to rs
A n o th e r  psycholog ica l fac to r  is implicit in th e  l i s t  of fa c to rs  
a f fec t in g  dem and , p a r t i c u la r ly  ( i ) ,  ( v ) , (v i)  and  (vii) (p a g e  17).
T h is  is the  idea  of F ield D ependence  or  In d e p e n d e n c e  -  th e  ab ili ty  to 
a t t e n d  to r e le v a n t  an d  to igno re  i r r e le v a n t  in fo rm ation . T h is  has  been 
s tu d ie d  by' Witkin an d  s e v e ra l  o th e rs .
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Field  D ependen t (FD) su b jec ts  a re  assum ed  to be  low capacity  
p r o c e s s o r s  who a s s ig n  h ig h e r  w eight to p e rc e p tu a l  c u es  th a n  to cues 
p ro v id e d  b y  th e  ta s k  in s t ru c t io n .  In s i tu a t io n s  w here  th e s e  two s e ts  of 
cues  e x i s t ,  t h e r e  is  a su g g e s t io n  of conflic ting  e x e c u t iv e  schem es. (58;
Field In d e p e n d e n t  (FI) su b jec ts  a re  assum ed  to be h igh  X- 
p ro c e s s o r s  who a s s ig n  a h ig h e r  w eight to th e  ta s k  in s t ru c t io n s  th an  to 
p e r c e p tu a l  cues  in  su c h  conflic ting  s i tu a t io n s .  T h e se  will be  d isc u sse d  
in more de ta il  in th e  n e x t  C h a p te r .
We might ad d  to o u r  te s tab le  h y p o th e se s  th a t  s tu d e n t s  of h igh  
c a p a c i ty  who a re  F ie ld  ’In d e p e n d e n t  will te n d  to give h ig h e r  perfo rm ances  
a n d  th a t  s tu d e n t s  of low capac ity  who a re  Field D e p e n d e n t / In d e p e n d e n t  
will g ive  th e  low est p e r fo rm a n c e s .  This  will b e  in v e s t ig a te d  in C h ap te r  6 .
How c ap a c i ty  (X) of w orking memory, th e  dem and of question  
(Z) a n d  th e  d e g re e  of F ield  D ependence a re  m e asu re d  will be  th e  su b jec t  




J o h n s to n e  an d  E l-B anna h a v e  p ro p o s e d  a model c o n c e rn in g  
s tu d e n t  S . T . M . ,  w hich has  la te r  b een  modified a n d  e la b o ra te d  b y  
J o h n s to n e ,  h is  s tu d e n t s  and  his co lleagues .
T h e  model a t tem p ts  to exp la in  s u c c e s s  an d  fa i lu re  in  th e  
le a rn in g  and  p rob lem -so lv in g  p ro c e s s e s  in  l ig h t  of th e  s tu d e n t s '  l im ita t­
ions a s so c ia te d  with th e i r  w orking  memory c ap a c i t ie s .  T he  simplified 
model is  g iven  below . (59)
— Z-demand o f  t a s k  coming in
 C o g n i t iv e  l e a r n e d  s t r a t e g i e s
( s t r a t e g i e s - t r i c k - t e c h n i q u e . . . sp a c e )
T he  model s u g g e s t s  th a t ,  fo r  an  in d iv id u a l ,  th e  c o n s ta n t  
X -sp a c e  is th e  to ta l  h o ld in g / th in k in g  sp ace  w hich  is  capab le  of ho ld ing  
in form ation  an d  o p e ra t in g  i t .  T he  Y com ponent r e p r e s e n t s  any 
fu n c t io n a l  s t r a t e g y  r e q u i r e d  to o rg a n is e  in form ation  to make it more 
p ro c e s s a b le .  So i t  shou ld  be  n o te d  th a t ,  if a s t u d e n t  has  to hold  a 
g r e a t  deal of in fo rm ation , inc lud ing  rec a l le d  m a te ria l ,  th e re  will b e  l i t t le  
o r  ev en  no space  le f t  for p ro c e s s in g .
T h e re  a re  at le a s t  th re e  o th e r  fa c to rs  o c c u r r in g  to g e th e r  in an 
in te r a c t iv e  s i tu a t io n ;  the  demand of th e  p rob lem  ( t a s k ) ,  th e  s tu d e n t 's  
lim ited w ork ing  memory space and  any  s t r a t e g y  he  may u se .
H o ld in g /
t h in k in g
sp a ce
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T h is  s tu d y  se t ou t to in v e s t ig a te  th e  model a s  it app lies  to 
B iology u n d e r g r a d u a t e  s tu d e n t s .
1 -  F i r s t  of all, th is  C h a p te r  d e s c r ib e s  how cap ac ity  (X) is  m e a su re d .
2 -  Some h y p o th e s e s  for te s t in g  a r e  se t  o u t .
3 -  How th e  estim ate of th e  dem and of a ta s k  is made.
M easurem en t of Capacity
T h e re  a re  s ev e ra l  s ta n d a rd i s e d  p sycho log ica l t e s t s  which 
claim to do th i s ,  su ch  as d ig its  sp an  b ack w o rd s  te s t  (D B T ),  l e t t e r  
s p an  b a c k w o rd s  te s t  (L B T ), a n d  th e  f ig u ra l  in te r s e c t io n  t e s t  (F IT ) .  
T h e s e  w ere  u s e d  in th is  s tu d y  to d iv ide  th e  s tu d e n t s  in to  th r e e  g ro u p s ,  
th o se  of h ig h  capacity  (7 ,8 ) ,  th o se  of low cap ac ity  (4 ,5 )  an d  th o se  of 
medium cap a c ity  (6) .
3 .1  T h e  T e s t s  to M easure X -space
I . D ig its  Span B ackw ards  T e s t  (DBT)
As long  ago as 1883 G alton , a n d  in 1885 E b in g h au s  p ro p o s e d  
th a t  hum ans  h a d  limited w orking m ental sp a c e .  In  1887 Jacobs  
f u r n i s h e d  an answ er  to th e  q u es t io n  of how a la rg e  q u a n t i ty  of a g iven  
s o r t  of m ateria l can be  r e p ro d u c e d  p e r fe c t ly  a f te r  one p r e s e n ta t io n .  (62) 
T h is  was f u r t h e r  e lab o ra ted  by  Miller in 1956, when he p o in ted  ou t 
th a t  th e  n u m b e r  of c h u n k s  which can be he ld  in S .T .M .  is abou t 7. (38) 
T h e  n u m b e r  7 ± 2 for conscious w ork ing  memory space  o ccu rs  o v e r  an d  
o v e r  aga in  in experim en ta l p sy ch o lo g y .  What c o n s t i tu te s  a ch u n k  in 
th i s  sp ace  is  con tro lled  by  one 's  p re v io u s  k now ledge ,  e x p e r ie n c e ,
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i n t e r e s t ,  inc lina tion , an d  a c q u i re d  s k i l l s .  (59)
H owever, to ob ta in  a va lue  fo r  X we n eed  to co n tro l  th e  
c h u n k in g  dev ices  which s tu d e n t s  may h a v e ,  a n d  so we give  them a ta s k  
of a k in d  which th e y  a re  u n lik e ly  to  h a v e  done b e fo re ,  so t h a t  th e y  
c a n n o t ,  b r in g  any  p re v io u s  c h u n k in g  d ev ices  into o p e ra t io n .  In  o th e r  
w o rd s ,  we are  t r y in g  to p a ra ly s e  "Y" so th a t  each dig it becom es a u n i t  
of in fo rm ation  to be  p ro c e s s e d .
By giving them th e  ta s k  of tu r n in g  the  d ig its  a ro u n d  in th e i r  
m in d s ,  p a r t  of th e  w ork ing  memory is d e v o te d  to holding in form ation  
a n d  p a r t  is given over  to o p e ra t in g  on the  inform ation.
T he  in s t ru c t io n s  w ere s t a n d a r d i s e d  on a tape  r e c o rd in g ,  an d  
th e  r a t e  of d e l ive ry  of th e  d ig i ts  was co n tro l led  to one p e r  seco n d .
T h e  time g iven for th e  r e s p o n s e  was also con tro lled  to one d ig it  p e r  second .
Before  d e sc r ib in g  th e  p r o c e d u r e s  of each  te s t ,  i t  is w orth  
m en tion ing  some im portan t  p o in t s .
In  o rd e r  to qualify  as a m easu re  of W .M .S .,  th e  m easurem en t 
m us t  meet th e  following r e q u i re m e n ts :
1 -  T h e  t a s k  m ust be  unfam iliar to th e  s tu d e n t s ,  to e n s u re  th a t  th e
in d iv id u a l  d if fe re n ces  in w ork ing  memory space (W .M .S .) a re  n o t  
du e  to s t r a te g ie s  o r  o p e ra t io n s  u s e d  b e fo re .  I f  s t r a t e g ie s  (Y) 
a r e  u n ab le  to o p e ra te ,  th e  ta s k  sh o u ld  m easu re  W.M.S. on ly .
2 -  T h e  ta s k  u s e d  m ust r e q u i r e  some tran s fo rm a tio n  of th e  in p u t  d a ta
to  e n s u re  th a t  it  t r u ly  m easu re s  b o th  ho ld ing  an d  th in k in g  
p r o c e s s e s .
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3 -  In  o rd e r  to r e d u c e  m easu rem en t e r r o r s , it is u s e fu l  to u se  more
th a n  one ta s k  w ith d i f fe re n t  s tim uli to be su re  t h a t  w h a te v e r  the  
stim uli, the  capac ity  fo r  ho ld ing  an d  u s ing  th e s e  s tim uli is 
s u b s tan t ia l ly  th e  same.
4 -  In  th e  le t te r  t e s t ,  the  se r ie s  of l e t t e r s  shou ld  n o t  make " s e n s e " .
A -  A t r a n s c r i p t  of th e  ta p e  is  g iven  below
We a re  t r y in g  to im prove th e  q u a l i ty  of ou r  te a c h in g  a n d  y o u r  
l e a rn in g  by  t ry in g  to u n d e r s t a n d  b e t t e r  how people h an d le  in fo rm ation . 
We would like you to u n d e rg o  a simple psychological t e s t  to  he lp  us in 
o u r  u n d e r s ta n d in g .  In  no way will th e  r e s u l t s  of th i s  t e s t  be  he ld  
a g a in s t  y o u ,  b u t  we would like to h a v e  y o u r  name, m a tr icu la t ion  n u m b e r ,  
y o u r  s e x ,  and  y o u r  b i r t h d a y .
T he  idea  is to g ive y o u  a s e t  of p a i rs  of t a s k s  to do. Each 
su c c e ss iv e  p a ir  will be h a r d e r  th a n  th o se  befo re  a n d ,  e v e n tu a l ly ,  y o u r  
" b ra in  will h u r t " .
We would like to know a t  w hat level you can o p e ra te  b e fo re  it 
does " h u r t " .
T r y  as  h a r d  as you  can to su ccee d .
As an easy  w arm -u p ,  we a r e  going to g ive  y o u  two p a i r s  of 
p re lim inary  t a s k s .  On th e  ta p e  re c o rd in g  you will b e  a s k e d  to commit a 
s e t  of nu m b ers  to memory a n d ,  w hen  th e  s p eak e r  s t o p s , w r i te  down th e  
n u m b e rs  from le ft  to r ig h t  in th e  b o x es  p ro v id e d ,  b u t  in r e v e r s e  o r d e r .
For exam ple, if  I say  7, 1, 9, you would w rite  down 9, 1, 7.
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Now, no  c h e a t in g ,  no w riting  from r i g h t  to  le f t .  L is ten  
c a re fu l ly ,  t u r n  th e  n u m b e rs  o v e r  in y o u r  mind, a n d  w rite  them down 
from le f t  to r i g h t .
Have y o u  got th a t?  l e t ' s  b e g in .
(2) 2, 4.
5, 8.
(3) 8, 2, 9.
4, 1, 5.
(4) 3, 2, 6, 9.
4, 9, 6, 8.
(5) 1, 5, 2, 8, 6.
6, 1, 8, 4, 3.
(6) 5, 3, 9, 4, 1, 8.
7, 2, 4, 8, 5, 6.
(7) 8, 1, 2, 9, 3, 6, 5.
4, 7, 3, 9, 1, 2, 8.
(8) 9, 4, 3, 7, 6, 2, 5, 8.
7, 2, 8, 1, 9, 6, 5, 3.
B -  D eterm ination  of th e  va lue  of W.M.S.
T he  w ork ing  memory sp an  is taken  to b e  th e  level ach iev ed  
b e fo re  a s tu d e n t  made m istakes  in " b o th " se r ie s  of th e  same com plexity .
F or exam ple , if th e  s tu d e n t  made m istakes  in "both" six  d ig it  
s e q u e n c e s ,  he was deem ed to have  a maximum sp an  of "5 p ieces"  of 
in fo rm a tio n .
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T he  r e s u l t
By th is  m ethod , th e  s tu d e n t s  w ere  d iv id ed  in to  (5) g ro u p s  
of capac it ies  (4 , 5, 6, 7, 8) (see  a p p e n d ix  1 ).
II # L e t te r  Span  B ack w ard s  T e s t  (LBT)
T h is  t e s t  was similar to th e  DBT, e x c e p t  th a t  l e t t e r s  w ere 
u s e d  in s te a d  of d ig i t s ,  a n d  th e y  w ere g iven v isu a l ly  in s te a d  of b y  ea r  
( s e e  a p p e n d ix  2 ) .  H ow ever ,  each item of inform ation  which is  
coming th r o u g h ,  e i th e r  an audio  or a v isua l  p a t h ,  will r e p r e s e n t  one 
c h u n k .
I l l . F ig u ra l  I n te r s e c t io n  T e s t  (F IT) (P ascua l-L eone)
T h is  is b e s t  d e sc r ib e d  by  looking a t  th e  in s t ru c t io n s  a t  th e  
b e g in n in g  of th e  t e s t .
A -  D esc r ip t io n  a n d  dem onstra tion
T h is  is  te s t in g  y o u r  ability  to f ind  th e  over lap  of n u m b e rs  of 
simple s h a p e s .  T h e re  a r e  two s e ts  of simple geom etric s h a p e s ,  one on 
th e  r i g h t  a n d  th e  o th e r  on th e  le ft  of the  p a g e .  T he  s e t  on th e  r ig h t  
c o n ta in s  a n u m b e r  of sh a p e s  s e p a ra te d  from each  o th e r .  T he  se t  on 
th e  le f t  co n ta in s  th e  same s h a p e s ,  as  on th e  r i g h t ,  b u t  o v e r la p p in g ,  so 
t h a t  th e r e  e x is t s  a common a re a  which is  in s id e  all of th e  sh a p e s .
Look fo r  a n d  sh ad e  in the common a rea  of o v e r la p .
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N o te s :
1 -  T h e  sh ap es  on th e  le ft may d iffe r  in size or position  from th o se  on
th e  r i g h t ,  b u t  n o t  in shape  or p ro p o r t io n .
2 -  In  some item s on th e  le f t ,  some e x t r a  sh a p e s  a p p e a r  w hich  a re  n o t
p r e s e n t  in th e  r ig h t  h an d  s e t ,  an d  which do n o t  form a common 
a re a  of in te r s e c t io n  with all of th e  o th e r  s h a p e s .  T h e se  a re
p r e s e n t  to mislead y o u ,  b u t  t r y  to  ig n o re  them.
3 -  T he  overlap  shou ld  be  sh ad ed  c lea r ly  b y  u s in g  a p e n .
4 -  P lease  w rite  down y o u r  name, y o u r  s e x ,  an d  y o u r  b i r t h d a y .
An im p o r ta n t  p o in t :  y o u r  r e s u l t s  will n o t  a f fec t  y o u r  u n iv e rs i ty  w ork





F or  more de ta il ,  see a p p en d ix  3.
As th e  num b er  of sh a p e s  in c re a se d ,  th e  ta s k  became more complex.
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B -  Now how to estim ate the va lue  of X -space  b y  th is  method 
( sc o r in g  system )
T h e  sco r in g  of th e  F ig u ra l  In te r s e c t io n  T e s t  (F IT ) can be  
done  in  a n u m b e r  of w ays. The s im plest s u g g e s te d  b y  P ascu a l-L eo n e ,  
is  to  u se  th e  co n v ers io n  table  shown below.
T h is  is a simple tab le  for c o n v e r t in g  the  to ta l num ber of 
items c o r r e c t  in to  a cap ac ity ,  as g iven  below. (63)
T ab le  3. 1 show s th e  to ta l of c o r re c t  s h a d e s  which is co n v e r ted  in to  a 
cap ac ity  value for each in d iv id u a l .
N o tic e . P ascual-L eone  s u g g e s t s  
s e v e ra l  sco r ing  m ethods for his 
t e s t ,  b u t  th e  simplest to o p e ra te  
is th is  one. In th i s ,  th e  to tal 
num ber of c o r re c t  s h a d in g s  for 
any  ind iv idual is fo u n d  a n d  
th en  c o n v e r te d  into a capac ity  
value as  shown in T ab le  1.
(See a p p e n d ix 1/ )
T h e  sco re  fo r  an  ind iv idua l s tu d e n t  was ta k en  to be th e  lower of th e  two 
v a lu e s  o b ta in e d  fo r  a n y  pa ir  of t e s t s  he  a t te m p te d .
3. 2 C om parison  of Scores  on the  T h re e  T e s ts
All (272) s tu d e n t s  in the sample took th e  DBT a n d  took also 
e i th e r  th e  LBT or th e  FIT . The to ta ls  do no t match e x a c t ly ,  due to 
a b s e n c e s  o c c u r r in g  betw een the te s t  s e s s io n s ,  as  shown in the  tab le  below.
N um ber of items c o r re c t C apacity  score
5 — 9 2
10 — 15 3
16 — 20 4
21 — »- 25 5
26 — ► 30 7
>/ 30
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T ab le  3. 2 shows th e  num ber in each  g ro u p  of F i r s t  Y ear  Biology s tu d e n t s  
invo lved  in session  1986-87
G roups DBT LBT FIT
1 - T h e  n u m b e r  of s tu d e n t s  invo lved 272 115 146
2 - T h e  n u m b er  of s tu d e n ts  who m isu n d e rs to o d
in s t ru c t io n 7 5 4
3 - T h e  n u m b e r  of th e  s tu d e n t s  n o t  com pleting te s t 9 3 2
T able  3. 3 show s th e  comparison of th e  s tu d e n t s '  sco re  in each  p a i r  of t e s t s  
in F i r s t  Y ear Biology s tu d e n t s  in se ss io n  1986-1987
G ro u p s Perfo rm ance  in 
DBT FIT
P erfo rm ance  in 
DBT LBT
Id e n t ic a l  sco re 63 63 30 30
45% (of 146) 29% (of 115)
D if fe re n c e s  ± 1 46 46 48 48
33% (of 146) 47% (of 115)
T otal 109 109 78 78
77.8% (of 146) 76.5% (of 115)
If  a g ree m en t  is ta k en  to be  th e  same sco re  or th e  same sco re  ± 1, th e n  
th e  d e g re e  of ag reem en t be tw een  DBT an d  F IT  is 77.8%.
W.M. capacity  for ind iv idua l s tu d e n t s  was ta k e n  to be  th e  
low er of th e  two va lues  o b ta ined  » if th e y  w ere  no t iden tica l .
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T he DBT was ch e c k e d  on a s u b s e t  of (50) s tu d e n t s  a y e a r  
l a t e r ,  an d  th e  ag reem en t is shown below.
T ab le  3 .4  shows the  p e rfo rm a n ce  of s tu d e n t s  of th e  same g ro u p  u s e d
p re v io u s ly ,  b u t  now in Second Y ear Biology -  s e s s io n  1987-88«
G ro u p s T he perfo rm an ce  of the  
DBT in 1986-87 an d
same s tu d e n t s  in 
in 1987-88
T he  to ta l  num ber 50
Id e n t ic a l  score 20 40%
D iffe ren ce  ± 1 21 42%
T ota l 4f 82%
T h is  in d ic a te s  th a t  the  m easurem en t of W.M. cap ac ity  was fa ir ly  re l iab le .
3. 3 Estim ating  th e  Demand of T a sk s  (Z)
T he  p rob lem 's  Z -dem and is de f ined  as th e  maximum n u m b e r  of 
th o u g h t  s te p s  which would be  em ployed by  th e  w eakest s u c c e s s fu l  
s t u d e n t . (6^)
S tu d e n ts  so lv ing  th e  problem  u s in g  fewer s te p s  would give 
ev id e n c e  of some ch u n k in g  o r  o rg an isa t io n a l  s t r a t e g ie s ,  while s tu d e n t s  
a t te m p tin g  to use  more s te p s  would be  u n s u c c e s s fu l .
T he  estim ate of Z was o b ta in ed  by  exam ining th e  exam s c r ip t s  
of s u c c e s s fu l  s tu d e n t s  an d  looking for th e  maximum n u m b e r  of s te p s  
u s e d .
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T h e re  a re  th r e e  so u rc e s  of inform ation fo r  d e te rm in g  the 
v a lu e s  of Z, as  follows: 1) by  ta k in g  about 60-70 of th e  sample from
s u c c e s s fu l  s tu d e n t s  who got full s c o re s ;  2) by  exam ining  th e  m ark ing  
schem e; 3) b y  d iscu ss io n  with s ta f f  exam iners .
G enerally  th e  value o b ta in ed  from 1) was h ig h e r  th a n  th a t  
from 2) a n d  3 ). H ow ever, for m ultiple choice q u e s t io n s ,  (3) was o u r  
only so u rce  of in form ation .
One example of the  an a ly s is  is shown below.
T he  q u es t io n  which was p u t  was: T he  table  show s th e  s o u rc e s  from
w hich th e  k a n g a ro o ,  r a t  and  man gain w ate r  an d  how th e y  lose i t .
Gains w ate r  b y  K angaroo  r a t  Man
D rin k in g  0% 40%
F re e  w a te r  in food 10% 40%
Metabolic w ate r  in food 90% 12%
Loses w ater  by
U rine 25% 80%
E vapora tion  ( lu n g s  and  sk in )  70% 34%
F aeces  5% 6%
G iv e n :
a .  Metabolic w ate r  means w ate r  re le a se d  in th e  ox ida tion  of food
c o 2 ♦ h 20 .
b . 1 ml of w a te r  weighs 1 g r a m .
Q . l  a .  Where do you  th in k  k an g a ro o  r a t  lives?
Give a r e a so n  for y o u r  a n sw e r .
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Q .2  a .  From th e  d a ta ,  w hat do you th in k  c o n s t i tu te s  a la rg e  p a r t  of 
th e  kan g aro o  r a t ' s  d iet? 
b . Why do you th in k  th is  ?
Q .3  a .  If  th e  r a t  p ro d u c e s  1.24 ml of u r in e / d a y  an d  e a t s  lOg of food /
d ay ,  w hat is th e  av e ra g e  w ater c o n te n t  of th e  food?
b .  Show calcu la tion  (u se  th e  o th e r  s ide  of th is  p a g e ) .
Q .4  S u g g e s t  two rea so n s  why a k an g a ro o  r a t  sho u ld  lose 70% of
w a te r  b y  evapo ra tion  an d  man only  34%.
T he  an a ly s is  is:
Q . l  i. In  d e s e r t s . . .  ( reca l l - reco g n i t io n )  "I
> 2 th o u g h t  s te p s
1
ii. I t  d r in k s  no f ree  w ater  (recall)
Q .2  i .  D ried  s e e d s . . .  (recall)
2 th o u g h t  s te p s
ii. T h e re  is v e ry  li ttle  m oisture  in i t s  food ( r e a s o n )
Q .3  R at p ro d u c e s  1.24 ml of u r in e /d a y  -»■ e a ts  lOg fo o d /d a y .  . .  ( reca l l)
p ro d u c t io n  p e rc e n ta g e
2 - 5 100 i 9a inn
1.24 x  x  = —-----2%------  = 4.96 ijil
(ca lcu la t ion )
b u t  in lOg, how much?
p ro d u c t io n  p e rc e n ta g e
4-96 4?n _ 10 x  4.96 _ n .X 10 x = ----- jpg   = 0 .4 9 6 g /d a y
4.96% (calcu la tion) 
5 th o u g h t  s te p s
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Q .4  T he  air i t  b r e a th e s  is v e ry  d r y  w ater  will e v a p o ra te .
I t  loses  70% th ro u g h  e v ap o ra t io n ,  mainly due to th e  fac t th a t  
it loses so li ttle  in any o th e r  way
. ‘ . 4 th o u g h t  s te p s
In  g e n e ra l ,  each  section of th e  q u es tio n  is in d e p e n d e n t  and  
n o t  i n t e r - r e l a t e d ,  b u t  th e  maximum dem and is  taken  to be  th e  section  
in w hich  th e  dem and was h ig h e s t .  So wre will u se  th e  maximum n u m b e r  
of th o u g h t  s te p s  r e q u i r e d  for th a t  one of them . T h e re fo re  5 th o u g h t  
s t e p s  a re  r e q u i r e d .  (For more d e ta i ls ,  see ap p en d ix  5 ) .
3 .4  Now, a f te r  hav ing  m easured  th e  w ork ing  memory space  (X) fo r
o u r  sam ple, an d  th e  demand (Z) of th e  q u e s t io n s  th a t  th e  s tu d e n t s  h a d  
to a t te m p t  in th e i r  biology exam s, it was now possib le  to r a is e  an d  te s t  
s e v e ra l  h y p o th e se s  from the  Johnstone  an d  E l-B anna  model.
T h e s e  h y p o th e s e s  a re  :
1 -  T h e re  is a n e g a t iv e  re la t io n sh ip  be tw een  perfo rm ance  in biology an d
th e  amount of inform ation to be p ro c e s s e d .
2 -  T h e  amount of inform ation to be  p ro c e s s e d  (Z -dem and  of ta s k )  will
b e  r e la te d  to su ccess  th ro u g h  th e  w orking  memory space  (X) 
availab le .  (Belong to h y p o th e s is  No. 1 on p age  18).
3 -  In  an exam ination with ques tions  of v a r io u s  Z -d em an d s ,  th e  to ta l
sco re  on th e  p a p e r  will be r e la te d  p o s it iv e ly  to (X). (be long ing  
to  h y p o th e s is  No. 3 on page 18).
33
4 -  In  a p a p e r  w here th e re  a re  no q u e s t io n s  of h ig h  dem and, th e re
will be  l i t t le  or no d iscrim ination  be tw een  th e  d i f fe re n t  capac ity  
g ro u p s .  (Belonging  to h y p o th e s i s  No. 4 on p ag e  18).
5 -  I f  s tu d e n t s  a re  no t u s in g  c h u n k in g  s t r a t e g ie s ,  th e y  will n o t  su c c e e d
in ta s k s  w here  Z >. X . (B e long ing  to h y p o th e s is  No. 4 on p ag e  18). 
When Z X , we have a n e c e s s a r y ,  b u t  n o t  su ff ic ien t  condition  fo r  
s u c c e s s ,  b e ca u se  o th e r  fac to rs  will e n te r  into th e  r e s u l t s .
T e s t in g  th e  H yp o th eses
T he w r i te r  exam ined how well b iology s tu d e n t s  h an d led  m ulti­
choice  items th a t  were su p p lied  by  th e  D ep ar tm en t of Biology.
A choice of (32) items was made so th a t  ab o u t  equal n u m b e rs  
of item s w ere in the  Bloom ca teg o r ie s  (6 5) of know ledge ,  com prehens ion ,  
a n d  app lica tion  (Table 3 .5 ) .
B efo re  going into detail a n d  p lo t t in g  a g ra p h  of Facility  va lue  
(FV) (p ro p o r t io n  of c lass g e t t in g  it r ig h t )  a g a in s t  ques tion  com plexity ,
I would summarise th e  data  in T ab le  3 .5  below.
Sum m aris ing  T ab le  3.5 (Facility  va lue  v e r s u s  item com plexity)
No. Z-dem and Number of 








1 2 12 80.9 92.0 70.7
2 3 5 64.5 77.8 63.6
3 4 7 62.9 76.2 39.9
4 5 4 49.5 56,0 46.4
5 6 1 45..0 - -
6 7 1 41.3 - -
7 8 1 40.3 - -
8 9 1 19.3 - -
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T ab le  3. 5 shows a facility va lue  v e r s u s  item com plexity . I t  a lso  show s 
th e  facility  va lues  an d  Z -d em an d s  of th e  q u es tio n  ( F i r s t  Y ear 
Biology s tu d e n ts )
No. Real num ber  • 
of th e  
ques tion
Facility  va lue  * 




Level of Bloom 
c a te g o r ie s
1 1 70.7 2 k
2 4 47.1 5 a p p
3 5 45 6 CO
4 6 76.4 2 k
5 7 76.2 4 k
6 9 63.4 4 CO
7 10 69.8 4 k
8 12 48.5 5 app
9 14 76.2 2 k
10 15 85.4 2 k
11 18 64.3 3 CO
12 21 38.9 4 app
13 22 80.2 2 k
14 24 73 2 k
15 25 53.6 3 k
16 27 77.6 2 k
17 28 91.97 2 k
18 5 41.4 7 CO
19 3 40.3 8 a p p
20 39 90.4 2 k
21 4 19.3 9 CO
22 31 46.4 5 app
23 32 75.1 2 k
24 34 61.4 3 k
25 35 56 5 ap p
26 36 87.8 2 k
27 37 77.8 3 k
28 38 68.3 4 CO
29 40 72.9 4 CO
30 41 49.6 4 CO
31 42 86.4 2 k
32 45 65.1 3 k
T h e  level of Bloom c a te g o r ie s :  k  = know ledge
co = com prehension  
app  = application
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Now: a g ra p h  of F .V .  a g a in s t  Z -dem and , as shown below







F.V. (proportion of students getting a 
correct response to a question)
1 - Correlation coefficient = 0.864
2 - This is significant at 1% level
■"maximum score in a range 
..mean score in the same range 
minimum score in the same range
Z-dem and
F ig u re  3.1  above ,  w hich show s a p lo t of F .V .  in ob jec tive  biology v e r s u s  
th e  n u m b e r  of th o u g h t  s te p s  r e q u i r e d  to solve th e  q u e s t io n .  T h is  i s s u e  
was confirm ed  b y  J o h n s to n e  with s tu d e n t s '  p e rfo rm a n ce  in c h e m is try .  (59) 
T h is  does  no t fit a good s t r a i g h t  l ine .  H ow ever, as e x p e c te d ,  we o b ta in ed  
a s t r o n g  n e g a t iv e  co rre la t io n  (r  = -0 .864) from th e  g r a p h ,  as shown in 
F ig u re  3 .1 .  (T h is  s u p p o r t s  th e  h y p o th e s is  n u m b er  one on p a g e  18).
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On f u r t h e r  in sp ec t io n ,  i t  was seen  th a t  th e  p o in ts  f i t te d  on 
an S - s h a p e d  c u r v e ,  r a t h e r  th an  a s t r a ig h t  l in e .  T h e n  th e  c u rv e  did 
n o t  f it  th e  h y p o th e t ic a l  one (F igu re  3 .2 ); it n e i th e r  r e a c h e d  as good as 
100%, n o r  d ro p p e d  to ze ro ,  as one m ight e x p e c t  in a c a ta s t ro p h ic  
phenom enon , th a t  i s ,  ho ld ing  up to a ce r ta in  level followed b y  s u d d e n  
d rop  to a lower leve l .
From th i s  g e n e ra l  f in d in g ,  s ev e ra l  e x te n s io n s  can grow .
Is  it  p o ss ib le  to obtain a  s e r ie s  of th e se  S - s h a p e d  c u rv e s  for 
s u b - g r o u p s  of s t u d e n t s ,  in b iology, w ith d i f f e re n t  v a lu es  of W.M.S. 
fo r  d i f fe re n t  q u e s t io n  complexity?
H y p o th e se s
1 -  S tu d e n t s  sho u ld  be  capable of sco r in g  well on t a s k s  in which Z < X.
(h y p o th e s i s  2 on p ag e  1 8 ) .
2 -  When Z > X, a fall in peform ance is e x p e c te d ,  (h y p o th e s is  on p ag e  18).
3 -  A c o n seq u en c e  of th e se  h y p o th e se s  would be  th a t  th e  to tal sco re
on a con v en tio n a l  t e s t  in b io logy , in w hich q u e s t io n s  of v a ry in g  
Z -va lues  w ere  p r e s e n t ,  shou ld  be  r e la te d  to (X) capac ity  of th e  
s tu d e n t s ,  (h y p o th e s i s  No. 3 on p ag e  1 8 ) .
T he  idea lised  s i tu a t io n  would be  as  shown in F ig u re  3 .2 .
So if we r e t u r n  to the  d iscu ss io n  of th e  S - s h a p e d  c u rv e ,  we 
n o te d  th a t  th e  c u rv e  was p ro b ab ly  a com posite of a s e t  of S - sh a p e d  
c u r v e s ,  g e n e ra te d  by  s tu d e n t s  w ith  a v a r ie ty  of cap a c i t ie s  (X ) .  On 
th e  b a s is  of th e  w ork ing  model we might p r e d ic t  p e r fo rm a n c e ,  as in 
F ig u re  3 .2 .
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F ig u re  3 .2  -  T he idealised  situa tion
Facility  Value ( F .V .)
D if fe re n t  g ro u p s  of 











P erfo rm ance  in biology of s tu d e n ts  of d if fe r ing  X -sp a ce  cap ac ity  
in q u e s t io n s  of d if fe re n t  Z-dem and.
S tu d e n ts  with capacity  X = 5 should  do well w ith p rob lem s of 
Z = 5 o r  l e s s ,  b u t  would do badly  in problem s w here Z ^ 6.
Similarly, X = 6 s tu d e n ts  could do well with Z (  7, an d  so on. 
All of th is  would assume th a t  (Y) , th e i r  s t r a t e g i e s ,  w ere n o t  
o p e ra t in g  well. T h is  is in v e s t ig a te d  in th e  n e x t  C h a p te r .
38
CHAPTER 4
EXPERIMENTAL RESULTS -  SESSION 1986-1987
We now a ttem pt to in v es t ig a te  ou r  hypo theses  m entioned  a t  th e  
e n d  of th e  p re v io u s  C h ap te r .
We a re  going to examine two class  (term ) exam inations  for 
b io logy  s tu d e n t s  who enrolled  in 1986-1987 a t  Glasgow U n iv e rs i ty .
To a d d re s s  the  question at th e  e n d  of th e  la s t  C h a p te r ,  we 
h a v e  th e  following information:
( i)  T h e  w orking  Memory Capacity (X) for each ind iv idual s tu d e n t .
( ii) T h e  dem and (Z) for each ques tion .
(iii)  T h e  Facility  Value for each question  for each g roup  of s tu d e n t s
of v a ry in g  X -value .
Each q u es t io n 's  score might be re la te d  d irec tly  to i ts  Z -v a lu e .  
We can now te s t  the h y p o th e s is  th a t  th e re  is a re la t io n sh ip  
b e tw e e n  th e  X -value  of a group of s tu d e n ts  an d  the  p o in t a t  which 
p e r fo rm a n c e  dim inishes with increas ing  ques tion  complexity (Z ) .
4 .1  D ecem ber 1986 -  Class Examination
l . A  H y p o th eses
When th e re  is no questions  with demand g re a te r  th a n  4, th e r e  
is  no  d iscrim ination  betw een s u b -g ro u p s  of d if fe re n t  c a p a c i ty .
T he  December Class Exam co n s is ted  of two p a p e r s :
(a )  M ultip le-choice question  paper  in which no ques tion  ex ce ed s  Z = 4.
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(b )  Second  p a p e r  containing qu es tio n s  of v a ry in g  dem and .
T he  following table shows th e  facility va lue  a g a in s t  d i f f e re n t  
q u e s t io n s  for d if fe re n t  s u b -g ro u p s  in th e  December c la ss  exam ination . 
(M ultip le-cho ice  -  p ap e r  one only)
T ab le  4 .1
G roups Mean Score 
( F .V .)
S .D .
x  4 5 28.9 6.8
X = 6 28.7 7.2
X >y 7 29.9 7.6
Maximum possible  m arks  is 45
A s e x p e c te d  in th is  p ap e r  with no ques tion  with va lue  of Z > 5, th e re
was no discrim ination  between X = 5, 6, 7 because  th e  h ig h e r  cap ac ity
s t u d e n t s  h a d  no ques tions  of h igh  Z-dem and to show th e i r  s u p e r io r i t y .  
T h is  is  s u p p o r te d  by  the hypo thesis  No. 4 on page  32).
H ow ever, the  score on th e  exam gave a normal d i s t r ib u t io n ,  as
in F ig u re  4 .1 .
T h e re fo re ,  the  exam has  d iscrim inated  on th e  b a s is  of b io logy 
s u b je c t  m a tte r  on ly , and  not on cap ac ity .
I t  is  th e re fo re  possible to s e t  an exam of low Z q u e s t io n s  a n d  
sti l l  g e t  s a t is fa c to ry  d iscrim inating r e s u l t s .
In  the  second p a p e r ,  the  tab le  4.2 show s th e  F .V .  a g a in s t  














F ig u re  4 .1 .  Shows normal d is tr ibu tion  of exam sco re  fo r  
s tu d e n t  te s t  when th e re  is no qu es tio n  with 
Z-dem and g re a te r  than  4.
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F ig u re  4 .2 .  Shows normal d is t r ib u t io n  of exam sco re  for 
s u b -g ro u p s  capacity  (X = 7, 6, 5), when th e re  is 
no question with Z-dem and g r e a te r  th a n  4.
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T ab le  4 .2  shows the  mean score aga in s t d if fe re n t  q u es tio n  Z in s u b ­
g ro u p s  X = 5, 6, 7.








( g ra p h  
ques tion )
Q .3  
Z = 7
Q . 4 
Z = 4
X = 5 28,9 11.4 7.1 2 .7 4 .4
X = 6 28.7 11.4 8.1 2.7 4 .3
X = 7 29.9 11.4 7.9 2.7 4.6
Max. possib le  
m arks
45 20 11 6 8
1. Data ana ly sis
T he  F .V .  for all groups on all ques tions  was similar.
T h e re  was no significant discrimination be tw een  X = 5, 6, 7.
4. 2 M arch 1987 -  Class Examination
In  th is  c lass exam, th e re  a re  d if fe re n t  ques tion  com plexities , 
so t h e r e  is discrim ination between th e  perfo rm ance  of s u b - g r o u p s  of 
d i f f e re n t  capac it ies .
One of th e  main aims of te s t in g  h y p o th e s is  No. 2 on p age  32). 
was to  find out w h e th e r  the re  was a re la tionsh ip  be tw een  th e  s tu d e n t s '  
h o ld in g / th in k in g  space (X -space) and  th e ir  ab ility  to solve ind iv idua l 
b io logy  q u es tio n s  of d if fe ren t Z-dem and.
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Shows the F .V. for ques tions  of v a ry in g  com plexity  a g a in s t  
s tuden ts  group capacity






Q . 22 
Z=4
Q . 28 
Z=5




Q .3  
Z = 9
1 X < 5 (N = 115) 77.2 78.2 60 50 22 14 1
2 X = 6 (N=85) 77.5 70.8 64 54- 29 24 4
3 X > 7 (N=45) 81.6 75.4 70 60 50 47 9.5
T h e se  r e s u l t s  do not conform exactly  to th e  theo re tica l  c u r v e s  
m e n tio n ed  on p ag e  37 , b u t  have s tro n g  similarities to F ig u re  4 .3  of 
X = 5. So s tu d e n t s  who have X ^ 5, maintain a good sco re  for all 
q u e s t io n s  of complexity Z ^  5, b u t  the ir  la rg e s t  fall is for th e  q u es tio n  
w hich  h a s  Z > 5. A lthough the X ^  5 s tu d e n ts  con tinued  to fall, 
th e y  d id  n o t  r e a c h  0%. . So some s tu d e n ts  have  s t r a te g ie s  which help  
them  to  s u r v iv e .  I t  can be seen th a t  only 22% from the  X ^  5 g ro u p s  
a r e  ab le  to  solve the  question which has Z = 6, a n d  only 1% with Z = 9 .
From F igu re  4.4 s tu d en ts  who have a capacity  X = 6, do
m ain ta in  a h igh  F .V .  for question Z ^ 5. So X = 6 s tu d e n t s  do well 
on th e  problem  of Z ^  5, b u t  only 24% su rv iv e  a t  Z = 7 an d  4% a t  Z = 9 .  
T h e  b r e a k  po in t  is no t as expec ted  at Z > 6, b u t  perfo rm ance  falls
r a p id ly  a t  Z = 6.
From F igu re  4 .5 , s tu d en ts  who have  X > 7, maintain a h ig h  
F . V .  fo r  all ques tions  of Z ^ 6, b u t  they  fall s h a rp ly  a t  ques tion  Z = 9.
Only 9% of s tu d e n ts  were still able to solve the ques tion  of













F ig u re  4.4.  Shows the re la tionsh ip  betw een F . V .  an d  d i f f e re n t  
Z-demand in ques tions  of d if fe re n t  com plexity  for 
su b -g ro u p  capacity  = 6.
















F ig u re  4 . 3 .  Shows th e  re la t io n sh ip  betw een F . V .  and  d i f fe re n t  
Z-demand in q u es tio n s  of d if fe re n t  complexity for 
s u b -g ro u p  capacity  ^ 5.
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Z - Demand
F ig u re  4 .5 . Shows the re la tionsh ip  be tw een  F . V .  a n d  d if fe re n t  
Z-demand in questions  of d if fe re n t  com plexity  - 
su b -g ro u p  capacity  } 7.







F ig u re  4 .6
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Shows the re la t ionsh ip  be tw een  d if f e re n t  Z-dem and 
of question and  F . V .  for s u b -g ro u p  (X = 7 , 6 ,5)  
(comparison of r e s u l t s  from s tu d e n t s  a t tem p tin g  
to answ er biology qu es tio n .
F irs t  Year Biology -  March Class Exam ination 1987
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th a t  o th e r  fac to rs  must be involved in a l l-o v e r  p e rfo rm ance ,  w hich will 
b e  d e a l t  w ith la te r .  In all cases ,  when Z )  X, they  would n o t  fall to 
z e ro ,  a n d  when Z ^  X , th e re  is a good perfo rm ance ,  b u t  n o t  as  good 
a s  100%. Ind iv idua ls  were able to solve ques tions  of Z -dem and 
g r e a t e r  th an  the ir  m easured  X -space . However, the  above m en tioned  
was similar to hypo thes is  2 on page 32 and  h y p o th e ses  2 a n d  3 on 
p a g e  18.
O ur p red ic t io n ,  th e re fo re ,  th a t  th e re  a re  o th e r  fa c to rs  also 
s h a r in g  X -space  which affect ind iv idual pe rfo rm ance , is c o r re c t .
4. 3 G eneral O bserva tions
1 -  When Z exceeds X, th e re  is genera lly  a sh a rp  fall in th e  p e r fo rm ­
an ce  of each s u b -g ro u p  (X = 5, 6, 7).
2 -  In  all c a se s ,  the  fall did not re a c h  zero p e rc e n t .
3 -  When Z ^  X, th e re  is good perfo rm ance  for all, b u t  n o t  a s  good
as  100%.
4 -  A' few of each su b -g ro u p 's  capacity  continue to s u rv iv e  (a re  able
to solve questions  which have Z-dem and g re a te r  th an  th e ir  
m e asu re d  X -s p a c e ) . This means th a t  th e re  a re  o th e r  fa c to rs  
in v o lv ed .  So Z ^  X is a n e c e s s a ry ,  b u t  not su ff ic ien t  cond ition  
fo r  su c c e s s ,  and  Z > X is no t d isa s t ro u s  if th e y  have  some 
s t r a t e g ie s .
5 -  T h e re  is a re la tionsh ip  between s tu d e n ts '  w orking memory sp ace
a n d  th e ir  perform ance.
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6 T h e re  is  a re la tionsh ip  betw een F .V . and question  com plex ity .
7 -  T h e  perfo rm ance  of h igh  capacity  s tu d e n ts  is b e t t e r  in g e n e ra l
th a n  low capacity  s tu d e n ts  in any question . T h is  m eans th a t  
X -sp a ce  is  an im portan t fac to r  affecting a s tu d e n t 's  b io logy 
p e rfo rm a n ce .
8 -  In  g e n e ra l ,  considering  th e  question of Z-dem and equa l o r  le s s
th a n  lowest X -space  (X ^  5), all the  g roups  p e r fo rm a n ces  
(X = 5, 6, 7) a re  similar s ince these  questions  were well w ithin 
th e  cap a c ity  of all g ro u p s ,  as p rev ious ly  e x p ec ted .
Data has  been  collected over a two y ea r  p e r io d  from fo u r  
c la ss  exam inations  an d  two degree  examinations in b io logy . T h e s e  will 
b e  u s e d  to te s t  th e  hypo thes is  f u r th e r .
4. 4 O vera ll Examination R esu lts  for the Year
4,A. S tu d e n ts  who do well in term (c lass) exams a re  r e w a r d e d  by
b e in g  exem pt from the  final d eg ree  exams. Since h igh  c ap a c i ty  
s t u d e n t s  po ten tia l ly  have access  to more of the  p a p e r  th a n  low cap ac ity  
s t u d e n t s ,  we would expec t h igh  capacity  s tu d e n ts  to be exem pt a n d  to 
f in d  most of th e  final exam fa ilu res  in the  low capacity  g r o u p .
T he  following tab le  will in v es t ig a te  th is  p re d ic t io n .
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T ab le  4.4 .shows the  r e s u l t s  of the  exemption, th e  p e r c e n ta g e  of su c c e ss  
an d  failure  in d if fe re n t  capacity  s u b -g ro u p s .
G ro u p s Exemption Pass Fail
X )  7 38 62% 21 34% 2 •2 O.J 0
X = 6 30 35% 45 53% 10 12%
X ^ 5 30 26% 63 55% 22 19%
C h i - s q u a r e d  value for th is  Table is 25.587 (o b se rv e d  va lue)  which is
s ig n if ic a n t  a t  0.001 level. (66).
All th e  r e s u l t s  confirm what we p re d ic te d  p re v io u s ly ,  th a t  
h ig h  X -sp a c e  s tu d e n ts  ge t a significantly  h ig h e r  num b er  of exem ptions  
th a n  low X -sp ace  s tu d e n t s .  Also, th e re  a re  more fa i lu re s  among th e  
low c ap a c i ty  s tu d e n t s  th an  among the h igh capacity  s tu d e n t s .
4 . B . D iscussion
As we p re d ic te d  in our hypo theses :
1 -  T h e re  is a re la t ionsh ip  between s tu d e n t s 1 W.M.S. a n d  th e i r  ab ili ty
to  solve problem s of v a ry in g  complexity. (T h is  m eans th a t  
s tu d e n t s  of h ig h  capacity  will get b e t te r  p e r f o r m a n c e s ) .
2 -  T h e r e  is  a re la tionsh ip  between Z-demand of th e  q u e s t io n s  an d
s tu d e n t s '  biology perfo rm ances .
Final Results for
Session 1986-87 (First Year Biology Students)
C hi-square = 25.587 
Degrees of freedom = 4 
Tail probability = 0.0000
Data Display (3 rows x 3 cols)
Row col 1 col 2 col 3
1 38.0000 21.0000 2.0000
2 30.0000 45.0000 10.0000
3 30.0000 63.0000 22.0000
Chi-square table (3x3)
Row col 1 col 2 col 3 Row sum
1 38.000 21.000 2.000 61.000
22.904 30.149 7.946
(9.95) (2.78) (4.45)
2 30.000 45.000 10.000 85.000
31.916 42.011 11.073
( 0 . 1 1 ) ( 0 . 2 1 ) ( 0 . 1 0 )




sum 98.000 129.000 34.000 261.000
2
For 4 degrees of freedom X = 25.587
Critical value of X for 0.1% significance level = 18.46 
Therefore results are significant at more than 0.1% level
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4 .5  Summary
T he  following p a t te rn s  emerge from r e s u l t s  of te s t in g  
h y p o th e s e s  s ta t e d  as :
1 “ I n  a ll c a s e s ,  th e  X < 7 cu rv es  r e p re s e n t  b e t t e r  a l l-o v e r  p e r fo rm ­
ance  th a n  X = 6, and  both  have b e t te r  a l l-o v e r  p e rfo rm ance  th a n  
th e  X < 5.
2 -  In  g e n e ra l ,  th e  perform ance of h igh  X -space  s tu d e n t s  is b e t t e r
th a n  low X -space  s tu d en ts  (H ypotheses  Nos. 2 an d  3 on p ag e  /&)
3 -  When Z ^  X, th e re  is a good perfo rm ance , b u t  n o t  as  good as  100%.
4 -  When th e  Z -dem and of the  question in c re a s e s ,  th e  mean score  o r
fac ili ty  v a lu e  d ecreases  g radually .
5 -  When Z -dem and  exceeds the value of the  X -space  of a n y  s u b - g r o u p ,
th e r e  is  a s h a rp  fall in perform ance, b u t  some of them a re  able to
so lve  th e  ques tion  which has Z-dem and g re a te r  th a n  th e ir  X -sp a c e .  
H ence , t h e r e  a re  o ther  factors  such  as s t r a te g ie s  which help  th e  
s tu d e n t  to  p a s s .
O th e r  fa c to rs  will be in v e s t ig a ted  la te r  in th is  th e s is .
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CHAPTER 5
SECOND EXPERIMENTAL RESULTS -  SESSION 1987-88
We a t tem p ted  to re-exam ine an d  r e - in v e s t ig a te  o u r  h y p o th e s e s  
w ith  a n o th e r  g roup  of biology s tu d e n ts  who enro lled  in session  1987-88. 
T h e  s tu d e n t s  were m easured for the ir  capacity  (X -space )  a s  h a d  b een  
done  w ith  biology s tu d e n ts  in session 1986-87, b u t  th is  time only by  D BT. 
T h e  following a re  the  re s u l t s  of each class examination an d  also th e  
f ina l r e s u l t s .
5 .1  D ecem ber 1987 Class Examination
A fte r  dividing the  s tu d en ts  into th r e e  m easured  s u b - g r o u p s  
of c a p a c i ty  an d  analysis  of each ques tion , we ob ta ined  the  following 
r e s u l t s  (T ab le  5 .1 ) .
^ ' \ ^ Q u e s t i o n
G roup










X = 5 (N = 103) FV = 91 77 49.5 40 34
X = 6 (N = 88) FV = 81 76 60 42 40
X = 7 (N=106) FV = 92 85 70 60 45
T h e r e  was no  question  with Z } 6.
54
D ata  a n a l y s i s :
F ig u re  5.1 shows the  c u rv e  for s tu d e n ts  of X ^  5. T h e re  is 
a d ro p  a f t e r  ques tions  Z = 4.
F ig u re  5.2 shows the  s tu d e n ts  of X = 6 ;  th e i r  c u rv e  d ro p s  
w ith  q u e s t io n s  Z ^ 5 .
F ig u re  5.3 shows the  s tu d e n ts  of X ), 7 fall with q u e s t io n s
Z ^  6.
F ig u re  5.4 shows the s tu d e n ts  of X = 5 has fallen b e fo re  
s t u d e n t s  of X = 6 and  bo th  before s tu d e n ts  of X ^  7. So X ^  Z is 
a n e c e s s a r y  b u t  no t suffic ien t condition for su ccess .  T he  r e s u l t s  do
n o t  confirm  exac tly  the  hypo thesis  th a t  th e re  is a s ign if ican t d if fe re n ce  
in  th e  s tu d e n t s '  perform ance in the ques tions  of com plexity , Z ^  X , b u t ,  
in g e n e ra l ,  th e re  is a t r e n d  with our h y p o th e s is .
When th e  comparisons were made in both  the  f i r s t  an d  th e  
se c o n d  y e a r s  of te s t in g ,  the  re s u l t s  confirm , in genera l,  th e  h y p o th e s i s  
th a t  t h e r e  is a re la tionsh ip  between the  s tu d e n ts '  h o ld in g - th in k in g  
w o rk in g  memory space and  the ir  ability to solve questions  of d i f f e re n t  
Z -d em an d .





Z - D em an d
F ig u re  5 .1 .  Shows the re la tionsh ip  betw een F .V .  a n d -Z -d e m an d  
of questions  of d if fe ren t  com plexity .
1st Year Biology - U nivers ity  of Glasgow.
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F ig u re  5 .2 .  Shows the  re la tionsh ip  be tw een  F .V .  an d  Z-dem and  
of questions of d iffe ren t com plexity .















Z -D em an d
F ig u re  5 .3 .  Shows the re la tionship  be tw een  F .V .  an d  Z-dem and  
of questions of d iffe ren t com plexity .
























F ig u re  5.
Figure 5.4
Z ■ Demand
. Shows the re la tionsh ip  betw een F .V .  and  d i f f e re n t  
s u b -g ro u p s  of capacity  (X = 7 ,6 ,5 ) .
December Class Examination - 1st Y ear Biology
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5.2 March Class Examination 1988
T ab le  5. 2 shows the  Facility Value aga inst Z-dem and for s u b - g r o u p s  
of capacity  - 1st Year Biology S tu d en ts
^ ^ \ O u e s t i o n
G roup
Q • 42 
Z=2












X = 5 (N=103) FV=83 68 70 71 11 8 3
X = 6 (N=88) FV=87 81 81 74 14 14 0
X = 7 (N = 105) FV=86 77 81 77 54 14 5
From Table  5.2 , the F .V . of h igh X -space s tu d e n ts  is b e t t e r  
th a n  s tu d e n t s  of low capacity . This ind icates  th a t  the  s tu d e n ts  of 
h ig h  cap a c ity  a re  able to perform b e t te r  than  low capacity  s tu d e n t s ,  
b u t  th e  p e rfo rm a n ce  in each group decreases  with h igh  question  
com plex ity .  We conclude therefore  th a t  th e re  is a re la t ionsh ip  b e tw ee n  
s t u d e n t s '  X -sp a ce  and the ir  ability to solve the  ques tion .  T h is  
s u p p o r t s  h y p o th e s i s  No. 2 on page 32.
Now a plot diagram as in F igure  5.5.
D ata  a n a ly s is  an d  discussion
T h e re  is  no question with Z = 6, so th e re  is a gap.
F ig u re  5.5 indicates tha t s tu d e n ts  of capacity  5 and  6 fall 
w ith  q u e s t io n  Z >  5 and  th a t  s tu d en ts  of capacity  equals  7 drop  in 
p e r fo rm a n c e  with questions  of Z > 7. So X = 5, 6 c u rv e s  befo re  X -  7. 
T h is  s u p p o r t s  h y p o th e se s  2 and 4 on page 18 .
B u t  in all c a s e s ,  some s tu d en ts  su rv iv e  to solve, even Z-dem and 
of q u e s t io n s  g r e a te r  than  the ir  X -space. This  means th a t  th ey  sh o u ld  
u se  s t r a t e g ie s  for ge tting  success . This  s u p p o r ts  h y p o th e s is  5 on 
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Z - Demand
F ig u re  5.5. Shows the re la tionsh ip  betw een F .V .  and  d if f e re n t  
su b -g ro u p s  of capacity  (X = 7 ,6 ,5 ) .
March Class Examination - 1st Year Biology.
5. 3 F inal R esu lts
As shown in a p rev ious  section, th e re  was for th i s  g ro u p  of 
s t u d e n t s ,  a positive  rela tionship  between capacity  and  th e i r  exam ination  
( s t u d e n t s  of h igh  capacity  got b e t te r  perform ances  in biology th a n  
s t u d e n t s  of low X -space) reco rd  over the  en t ire  y e a r .  T he  h ig h e s t  
p r o p o r t io n  of exemption came from the  h igh capacity  s tu d e n t s ,  an d  th e  
h ig h e s t  fa i lu re  r a te  was among the  low capacity  s tu d e n ts .
T he  following table investiga tes  what we p re d ic te d :
T a b le  5. 3 shows the  re su l ts  of the exemption, the  p e rc e n ta g e  of su c c e s s  
and  fa ilure  in d ifferen t s u b -g ro u p s  capacity .
Exemption Pass Fail
No. of 
s tu d e n ts
0.0 No. June No. Sept 0O N OO
X > 7 (N=99) 41 40% 40 11 49% 10 10%
39% 10%
X = 6 (N=83) 39 47% 26 4 36% 14 17%
31% 5%
X < 5 (N=102) 31 31% 42 8 50% 18 18%
42% 8%
*
T h e  s ig n if ican ce  of th e  f igures  in the  above table was a t  g r e a te r  th a n  10 
leve l  on th e  C h i-s q u a re  T es t (see n e x t  p a g e ) .
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Final Results for
Session 1987-88 (First Year Biology Students)
C h i - s q u a r e  = 8.1517 
D e g r e e s  of freedom = 4 
Tail probability = 0.0862
Data Display (3 rows x 3 cols)
Row col 1 col 2 col 3
1 31.0000 50.0000 18.0000
2 39.0000 30.0000 14.0000
3 41.0000 51.0000 10.0000
Chi-square table (3x3)
Row col 1 col 2 col 3 Row sum
1 31.000 50.000 18.000 99.000
38.694 45.665 14.641
(1.53) (0.41) (0.77)
2 39.000 30.000 14.000 83.000
32.440 38.285 12.275
( 1 . 33) ( 1 .79) (0.24)




sum 111.000 131.000 42.000 284.000
2 _ .
For 4 degrees of freedom X = 8.2
2
C r i t i c a l  value of X for 10% significance level 
R e s u l t s  are significant at level more than 10%
7.78
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5. 4 G enera l D iscussion
Prob lem -so lv ing  ability  is associa ted  with s tu d e n t s '  ab i l i ty  to 
o rg a n is e  o r  c h u n k  th e  information p ro v id ed  in a g iven s i tu a t io n  in to  
m em orisable  p a t t e r n s  (67) an d ,  if the  X -space is o v e r lo a d e d ’with too many 
p ie c e s  of in fo rm ation , as shown p rev io u s ly ,  the  p ro c e s s in g  of in fo rm ation  
c a n n o t  ta k e  p lace  u n le ss  su ch  information can be e ffec t ive ly  c h u n k e d .
T he  size of X -space  for an individual s tu d e n t  limits h is  ab ili ty  
to c a r r y  ou t le a rn in g  and  problem -solv ing  ta sk s  in b iology. In  a d d i t io n ,  
th e  n a t u r e  of b io logy , as  i t  is ta u g h t ,  may be in conflict w ith  th e  size 
of th e  s t u d e n t 's  X -sp a c e .  To overcome th is ,  it is th o u g h t  th a t  s tu d e n t s  
cou ld  le a rn  s t r a t e g ie s  which would ease the b u rd e n  on th e ir  X -sp a c e  a n d  
so leave  space  fo r  th o u g h t  and  p rob lem -so lv ing . Such  s t r a t e g ie s  a re  
ca lled  " c h u n k in g  d ev ice s" .
H ow ever, a t a s k 's  Z-dem and ultimately d e p e n d s  upon  th e  
s t r a t e g y  u se d  by  th e  su b je c t .  I t  d if fe rs  from ind iv idual to in d iv id u a l ,  
a c c o rd in g  to th e  e f fec t  of th e i r  p a s t  experiences .
With th i s  in mind, it  is a v e ry  difficult m a tte r  to de te rm ine  
th e  t a s k ' s  Z -dem and  w ithout knowing the  s t r a te g y  em ployed.
H ow ever, w hat r e s u l t s  have em erged d u r in g  th e  w ork?
5 .5  Sum m ary
1 -  T h e  following f in d in g s  em erge from the  r e s u l t s  of te s t in g  th e
H y p o th es is  s ta t e d  in C h a p te r s  2 an d  3.
a) In  g e n e ra l ,  th e  X >y  7 c u rv e s  r e p r e s e n t  b e t te r  a l l -o v e r  p e r fo rm a n c e
th a n  th e  X = 6 an d  bo th  show b e t te r  a l l-over p e r fo rm a n ce  th a n  th e
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X 5 (h y p o th e s is  No. 1 on page 18 and No. 3 on p ag e  32).
b )  T h e r e  is  ev idence  within all g roups of d if fe re n t  X -sp a ce ,  w hen Z
e x c e e d s  th e i r  m easured  X -space , th e re  will be  a fall in p e r fo rm a n c e ,  
b u t  n o t  a fall to 0%, excep t for s tu d e n ts  of X = 6 in th e  March 
C la ss  Exam ination (h y p o th eses  Nos. 2 and 4 on p a g e  18).
c) When Z ^ X, th e re  is a good perform ance, b u t  no t as good as 100%.
Within th is  h ig h  perform ance a re a ,  th e re  a re  f lu c tu a t io n s ,  b u t  an 
e a s ie r  q u e s t io n  for one group is also eas ie r  for all g ro u p s ,  i . e .
th e  g r a p h s  a re  usually  parallel (hypothesis  2 on p ag e  32 an d  
h y p o th e s i s  2 on page  18).
d) T h e  X ^ 5 s tu d e n t s  have a lower potential maximum score  on a
whole t e s t  th a n  those  for X = 6, 7 s tu d e n ts  (h y p o th e s is  No. 3 on p a g e  32) .
e) D esp i te  th e  fac t  th a t  the  X (  5 s tu d en ts '  p e rfo rm ance  is low, some
of them , as  well as some of X = 6 s tu d e n ts ,  w ere perfo rm ing  as
well as X )  7 (h y p o th es is  No. 3 on page 18). T h is  may h ave  b een  
a c h ie v e d  b y  u s in g  s tra te g ie s  and  having p ra c t ic e d  to minimise the  
load  on th e i r  w orking memory space.
2 -  T h e r e  is  s t r o n g  ev idence th a t  the  questions ' Z -dem and a f fe c ts  th e
s tu d e n t s '  p e rfo rm ance  as soon as Z exceeds th e ir  m easu red  X -sp a c e .
T h e  s tu d e n t s  w orking memory space limits th e i r  ab ility  to c a r r y  ou t 
th e  p ro b lem -so lv in g  ta s k s .  This evidence in d ica te d  th a t  th e  
r e la t io n s h ip  be tw een  the  ta s k 's  complexity an d  th e  s tu d e n t s  X -sp a c e  
is one of th e  most im portan t fac to rs  in fluencing  th e i r  ab ility  to solve 
a p ro b le m , a l th o u g h  the  experim ental c u rv es  do no t conform ex ac tly  
to th e  th e o re t ic a l  c u rv e s  shown on page 37 (h y p o th e s e s ,  2, 3 an d  5 
on p ag e  32).
6 5
T h e r e f o re ,  it  is worth  emphasising th a t  when Z < X, we h av e
a. n e c e s s a r y  b u t  no t suffic ient condition for su c c e s s .
3 -  T h e  d e g re e  of s tu d e n ts '  percep tua l field may a ffec t th e i r  ab ility  to
dea l w ith  r e le v a n t  da ta  only and ignore  th e  i r r e l e v a n t .  I t  could  be  
a r g u e d  t h a t ,  if th e  s tu d e n ts  have too much inform ation to h a n d le ,  
th e y  may h av e  d iff icu lty  in selecting the  re le v a n t  information from 
th e  i r r e l e v a n t  within th e ir  limited X -sp ace ,  an d  th is  could lead to 
o v e r lo a d .
4 -  F a i lu re  to reca ll an d  apply  the re q u ire d  inform ation are  some of th e
r e a s o n s  w hich cause  the  failure to solve some of the  biology 
q u e s t io n s .  A ccord ing  to A usubel, if the  lea rn in g  m ateria ls  a re  
m ean in g fu lly  a c q u i re d  an d  s to red  alongside re le v a n t  exc iting  c o n c e p ts  
o r  p ro p o s i t io n s  in the  le a rn e r 's  cognitive s t r u c t u r e ,  th e  le a rn e r  will 
f in d  it  e asy  to r e t r i e v e  or to remember. (68)
5 -  T h e  fa i lu re  to solve biology questions may also be due to the
s t u d e n t s '  in ab ili ty  to simplify the question  by  b re a k in g  it  into p a r t s  
to  r e d u c e  th e  load on th e ir  X -space, or by  o rg an is in g  th e  th in k in g  
a n d  w ork in g  p ro c e s s e s  before doing any  ca lcu la tions .  The s tu d e n t s  
may lack  p ra c t ic e  an d  experience , which lead to familiarity with th e  
k in d  of q u es tio n  an d  hence , more e ffo r t  is n eed e d  to e x t ra c t  th e  
s t r a t e g y  a n d  solve the  question .
It was decided to concentrate on further investigation into 
student performance, namely Field Dependence/Independence.
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CHAPTER 6
THE EFFECT OF FIELD DEPENDENCE/INDEPENDENCE 
UPON STUDENTS1 PERFORMANCE
Much of th e  re se a rc h  on problem -solv ing  has  b een  c o n c e rn e d  
w ith  in d iv id u a l  d if f e re n c e s ,  conceived in term s of such  c o n s t ru c t s  as  
a v a i la b i l i ty  of fu n c t io n ,  s t ra te g y ,  cognitive s ty le ,  an d  formal r e a s o n in g .
Now we n e e d  to seg regate  se lf /n o n -se l f  (F D /F I)  w hich a f f e c t s
in d iv id u a l  p e r fo rm a n c e .
A F ie ld  D ependen t individual is more likely to r e s p o n d  to th e  
dom inan t p r o p e r t i e s  of the  field as given and  is more likely  to u se  a 
s p e c t a to r  a p p ro a c h  in which p ropert ies  of the  stim ulus a r r a y  p lay  a 
dom inan t ro le .
"Field In d ep en d e n ce  is more re la ted  to com petence in co g n i t iv e  
r e s t r u c t u r i n g  th a n  Field D ependence". (69) Field D ep en d en t s t u d e n t s  
a lso  t e n d  to u se  an  h ypo thes is  test ing  approach  in which ac t ive  
r e s t r u c t u r i n g  is r e q u i r e d .  However, success fu l  p e rfo rm an ce  on an y  
p ro b lem  h a s  b e e n  r e la te d  to FI with h igh  capacity .  (70,57)
6 .1  T h e  R easo n  for Involving Field D ependence-F ie ld In d e p e n d e n c e
I t  is b e in g  con s id e red ,  because  one of the  conc lusions  in 
C h a p t e r s  3, 4, a n d  5, was th a t  some s tu d e n ts  did  no t solve q u e s t io n s ,  
fo r  w h ich  th e  dem and was less  than or equal to th e i r  m easu red  X -sp a c e  
(W .M .S .) ,  a n d  so th e  facility  value of th e se  ques tions  d id  n o t r e a c h  100'
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S tu d ie s  by  Saarn i and Witkin, ( 7 | )  Moor, G oodenough, a n d  
C ox , (7Z.) h a v e  in d ica te d  th a t  Field In d ep en d en ce ,  the  ab ility  to disembed 
r e l e v a n t  in fo rm ation  from an ir re levan t b ack g ro u n d ,  c o n t r ib u te s  s ig n if ic ­
an t ly  to  ach ievem en t in science.
K iew ra an d  F ran k  (73) showed th a t  F ield  In d e p e n d e n t  l e a r n e r s  
g e n e ra l ly  a c h ie v e d  h ig h e r  scores on factual and  h ig h e r  o rd e r  te s t s  th a n  
F ie ld -D e p e n d e n t  l e a rn e r s  did.
P ascu a l-L eo n e  called Field D ependence /Independence  a cogn it ive  
s ty le  w h ich  may b e  ac t ing  as "moderator" in the  use  of th e  full mental 
sp a c e .  (7 </) Karp and  K onstad t,  Eccles, Pascual-Leone and  P a rk in s o n ,
(75) s u g g e s t e d  th a t  th e re  is a re la tionsh ip  between Field D e p en d en ce /  
In d e p e n d e n c e  a n d  compound-stimuli section of the ta sk  (Z -dem and).
T h e s e  w o rk e r s  also said  th a t  Field In d e p e n d e n t  people would perfo rm  
b e t t e r  th a n  F ie ld  D ependen t ones. They  expec ted  FD su b jec ts  to
fu n c t io n  w ith an  X -s ize  in ferio r  to the ir  s t ru c tu ra l  cap ac ity .  (75) I t  
cou ld  b e  t h a t  th e  FD s tu d e n ts  are  not capable of choosing r e le v a n t  from 
i r r e l e v a n t  in fo rm ation  (signal from noise) when bo th  have  to sh a re  th e  
s t u d e n t ' s  lim ited  hold ing  and th inking  space. Also, th e  FD s tu d e n t s  will 
n o t  b e  ab le  to  a n a ly se  the  data of the  question in a complex s i tu a tio n .  
L ikew ise  th e y  would no t syn thes ise  simultaneously th e  th o u g h t  s te p s  w hich 
w ould b e  r e q u i r e d  to  solve questions of h igh  com plex ity .
An a t te m p t was made by Pascual-Leone to t e s t  the  f i r s t  a s s u m p t­
ion b y  c o n tro l l in g  th e  sample for one indiv idual d iffe rence  v a r ia b le ,
W itk in 's  F D / F I . "The variable  was ex p ec ted  to in su re  th a t  only h igh  
M -o p e ra t in g  s u b je c ts  ( i . e .  FI) were accep ted  in the  experim en ta l g ro u p  . (57)
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In  g en era l ,  FD s u b jec ts  a re  a ssu m ed  to be  h ab i tu a lly  low 
c a p a c i ty  p ro c e s s o r s  who ass ig n  h ig h e r  w eigh t to p e rc e p tu a l  c u e s  th a n  
to  c u e s  p ro v id e d  by  the  ta sk  in s t ru c t io n ,  in a s i tu a tio n  w here  th e s e  
two s e t s  of cues  s u g g e s t  conflic ting  e x e c u tiv e  schem es.  (74)
FI s u b je c ts  a re  assum ed  to be  h a b i tu a l ly  h ig h  X - p r o c e s s o r s  
who a s s ig n  a h ig h e r  w eight to th e  ta s k  in s t ru c t io n s  th an  to  p e r c e p tu a l  
c u e s  in s u c h  a conflic ting s i tu a t io n .  (56)
Many r e s e a r c h e r s ,  s u ch  as Kempa (76) an d  E l-B an n a ,  (64) 
s u p p o r t  th e  im portance of F D /F I  cogn it ive  s ty le  a s  a fac to r  in f lu e n c in g  
a s t u d e n t ' s  l e a rn in g .  For our experim en ta l  w ork  we s e t  ou t to  t e s t  
fo r  a n y  re la t io n sh ip  ex is t in g  be tw een  F I/F D  a n d  biology p e r fo rm a n c e .
6 .2  We a t te m p te d  to In v e s t ig a te  th e  Following New H y p o th eses
1 -  T h e r e  o u g h t  to be a re la t io n sh ip  be tw een  F D /F I an d  th e  s t u d e n t ' s
w o rk in g  memory space (h o ld in g - th in k in g  s p a c e ) .  *
2 -  T h e r e  o u g h t  to  be a re la t io n sh ip  be tw een  F D /F I  a n d  biology
p e r fo rm a n c e  ( s tu d e n t 's  a t t a in m e n t ) .
3 -  FI s u b je c ts  should  perfo rm  b e t t e r  in biology th a n  FD s u b je c t s .
T he  sample u n d e r  in v e s t ig a t io n  is d raw n  from f i r s t  y e a r  
b io logy  s tu d e n t s  who en ro lled  in 1987-1988 a t  Glasgow U n iv e r s i ty .
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6. 3 How to M easure the  D egree  of Field D ependence  a n d  In d e p e n d e n c e
T h e  t e s t ,  which was d es ig n ed  to m easure  th e  s tu d e n t ' s  d e g re e  
of F D /F I ,  was d es ig n ed  and  s ta n d a rd i s e d  by  E l-B an n a .  (64)
T he  Hidden F ig u re s  T e s t  (H F T ) ,  is a g ro u p  a d m in is te re d ,
T h e  d es ig n  of the  te s t  is b a se d  on th e  defin ition  of F D /F I  c o g n i t iv e  
s ty le  w hich s u g g e s ts  th a t  s u b jec ts  who f ind  d iff icu lty  in overcom ing  th e  
in f lu e n c e  of a s u r ro u n d in g  f ie ld ,  o r  in s e p a ra t in g  an item from i t s  
c o n te x t ,  have  p e rce p tio n  which is called  Field Im penden t.  On th e  o th e r  
h a n d ,  s u b je c ts  who easily  b r e a k  up  an o rg a n is e d  p e rc e p tu a l  f ie ld ,  
h a v e  a p e rc e p t io n  which is called F ield In d e p e n d e n c e .
D esc r ip t io n  of the  t e s t :
A . T h e r e  is a s e t  of six  simple geom etric an d  n o n -g eo m e tr ic  s h a p e s  
w hich a re  s ing ly  em bedded in complex f ig u re s .  T h e re  is  more 
th a n  one complex f ig u re  in which each of th e se  simple s h a p e s  is 
h id d e n .  T h ree  exam ples of th e se  simple sh ap es  a re  g iven  below.
B .  T h e  HFT co n s is ts  of (18) items (complex f ig u re s )  p lu s  two i n t r o ­
d u c to ry  items as exam ples. Each item has  a simple s h a p e  em b ed d ed  
in i t .  In  some items, th e re  is more th a n  one example of th e  same 
simple sh ap e  em bedded.
What s tu d e n t s  have to do is to locate  and  t r a c e  th e  ou tl ine  of th e  
simple shape  in the  complex f i g u r e s .
p a p e r  a n d  pencil t e s t  u s ing  m ateria ls  similar to th o se  of Witkin e t  a l *(77.78)
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T he  simple s h a p e :
T he  s h ap e  has  to be of th e  same size a n d  p ro p o r t io n  a n d  in 
th e  same o r ien ta t io n  within the  complex f ig u re s  a s  w hen it  a p p e a r s  alone 
in th e  specim en example.
A d m in is t ra t io n ,  m ateria ls  and  in s t r u c t io n s :
T h e  HFT is group  ad m in is te re d .  T he  in s t ru c t io n s  of th e  t e s t  
a r e  b o th  o ra l an d  w r i t te n .  Each s tu d e n t  m ust h av e  a penc il  an d  a 
t e s t  b o o k le t .  T he  booklet page  should  be th ick  en o u g h  to p r e v e n t  
" sh o w - th ro u g h "  from the  n e x t  p ag e .  Pages  one an d  two of the  bookle t 
a r e  o ccu p ied  b y  two in t ro d u c to ry  items and  u s e d  fo r  in s t ru c t io n a l  
p u r p o s e s  ( s e e  a p p e n d ix  6 ).
T e s t in g  a n d  t im in g :
T h e  t e s t e r s  must be on th e  look -ou t fo r  an y  k in d  of c h e a t in g ,  
s u c h  as  u s in g  a r u l e r  to t e s t  the  f ig u re .  T he  time r e q u i r e d  is a b o u t  
15 m in u te s .  T e s t s ,  how ever,  shou ld  be  co llected  a f te r  20 m inu tes .
S c o r in g ;
Each  item is sco red  as "pass"  o r  "fa il" ,  a n d  th e n  th e  o v era l l  
t e s t  s c o re  is  com puted . The to ta l sco re  eq u a ls  th e  n u m b e r  of item s 
p a s s e d ,  18 b e in g  th e  maximum sco re .
T h e  a n sw e r  a c c e p te d  as c o r re c t  if:
(1) t h e  simple shape  of th e  same s ize ,  p ro p o r t io n ,  a n d  o r ie n t ­
ation  within th e  complex f ig u re  h as  b een  loca ted
(2) no o th e r  w rong shape in the  complex f ig u re  h as  b een  t r a c e d ,  
as  in th e  following example:
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Exam ple
F ig u re  (6 .1 )  shows the  d is t r ib u t io n  of HFT to ta l  s c o re s  fo r  
a sample (273) of f i r s t  y e a r  u n iv e rs i ty  s tu d e n t s .  T h e  mean 
sco re  is  9 .4  and  th e  s ta n d a rd  devia tion  is 2 .5 .  (See n e x t  p a g e ) .
Having c o n s t ru c te d  a tool for m easu r in g  th e  s tu d e n t s '  
p e r c e p tu a l  f ie ld ,  it is n e c e s s a ry  to f ind  th e  re la t io n sh ip  (if a n y )  b e tw ee n  
th e  s tu d e n t s '  p e rc e p tu a l  field  an d  th e ir  a t ta in m en t s c o re s  in b io logy  
ex am in a t io n s .
T e s t in g  th e  h y p o th e s e s :
To f ind  ou t,  on th e  bas is  of th e  w ork ing  model, w h e th e r  t h e r e  
i s  a re la t io n s h ip  betw een th e  s tu d e n t s '  sco re  of Field  D ep en d en ce /  
I n d e p e n d e n c e  an d  th e ir  biology p e r fo rm a n c e j we would c o n s id e r  a n d  
in v e s t ig a t e  th e  following q u e s t io n s ,  w hich a re  b a s e d  on th e  h y p o th e s i s  
on p a g e  68
1 -  I s  th e r e  an y  re la t io n sh ip  be tw een  the  s tu d e n t s '  m e a su re d  w o rk in g  
memory space  an d  th e ir  score in th e  F ield  D e p e n d e n c e /In d e p e n d e n c e  
t e s t ?
2 -  I s  th e r e  any  re la t io n sh ip  betw een  th e  s tu d e n t s '  sco re  in th e  F D /F I  
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F ig u re  6.1. Shows the  d is t r ib u t io n  of th e  H . F . T .  to ta l  sco re  
for sample 273 f i r s t  y e a r  u n iv e r s i ty  s tu d e n t s  in 
Biology D ep ar tm en t.
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3 -  If  th e  an sw e r  to ques tion  num b er  2 is " y e s " , to  w ha t e x te n t  does
th is  re la t io n sh ip  in fluence  the  su c c e ss  of the  s tu d e n t s  (w ith  d i f f e r e n t  
X -sp a ce )  in biology exam inations .
6 .4  M ethod
The sample was d iv ided  in to  th re e  g ro u p s  a c c o rd in g  to th e i r  
sc o re  of F D /F I  m e asu re d  b y  th e  HFT.
F ie ld -D ep e n d en t  (FD) s tu d e n t s  were ta k e n  to  be  th o se  who 
s c o re d  le s s  th a n  th e  half  SD below th e  m ean .
F ie ld - In d e p e n d e n t  (FI) s tu d e n t s  were th o se  w ith  sco res  
g r e a t e r  th a n  ha lf  SD above the  m e an .
T he  rem a in d e r  were c lass if ied  as  Field In te rm e d ia te  ( F . I n t e r ) .  
T h is  is n o t  th e  c r i te r io n  u s e d  by  Scardamalia (56 ) ,  C ase  (8 0 ,7 9 ) ,  C ase  
a n d  G loberson  (81) who u s e d  a fu ll SD on each s ide  of th e  mean.
T ab le  (6 .1 )  shows the  num ber  of s tu d e n t s  in  th e s e  th r e e
g r o u p s .
G roups N um ber of S tu d e n ts P e rc e n ta g e
FD 93 34%
F . In t e r 87 32%
FI 93 34%
T ota l 273
From th i s  sam ple , th e  h o ld in g - th in k in g  space of 273 s tu d e n t s  h a s  b een  
m e a su re d  p u t t in g  to g e th e r  the  two fa c to rs  of F D /F I  a n d  X -sp a c e .  
R e s u l t s  a re  as  shown in Table (6 .2)
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T ab le  ( 6 . 2 ) .  C lassification  of FD /FI s tu d e n t s  in each  g ro u p  of 
d if fe re n t  X -space  (N = 273)
G ro u p s
FD F . I n te r FI
N° o0 N° Q.0 N° 00
X ^  5 42 45% 31 33% 21 22%
X = 6 26 32% 27 34% 27 34%
X > 7 24 24% 30 30% 45 45%
6. 5 D ata A nalys is
1 -  Most s t u d e n t s  of h igh  capacity  a re  Field In d e p e n d e n t .  On th e  o th e r  
h a n d ,  most s tu d e n ts  of low X -space  show Field D ep en d en ce .
T h e se  r e s u l t s  seem to su p p o r t  P ascu a l-L eo n e 's  idea t h a t  th o se  of 
h ig h e r  capac ity  te n d  to be more F ield I n d e p e n d e n t .
A c h i - s q u a r e d  te s t  was adm in is te red  an d  show ed th e  d i s t r i b u t ­
ion to be  s ig n if ican t  a t b e t te r  than  th e  1% leve l .  (See  n e x t  p a g e ) .  
T h e re fo re ,  th is  shows th a t  th e re  is a re la t io n sh ip  be tw een  th e  s tu d e n t s '  
sco re  of F D /F I and  th e ir  d eg ree  of X -sp a c e .
T ab le  (6 .2)  shows th a t  s tu d e n t  X )> 7 te n d e d  to b e  FI or 
F . I n t e r .  On th e  o th e r  h a n d ,  most of th e  s tu d e n t s  X ^ 5, t e n d e d  
to be  FD or F . I n t e r .
So th e se  r e s u l t s  confirm h y p o th e s is  n u m b e r  one (on p a g e  68) 
th a t  th e re  is a re la t ionsh ip  betw een  th e  s tu d e n t s '  sc o re  FD /F I  
a n d  th e ir  m easu red  d eg ree  of X - s p a c e .
We now exp lo re  the  re la t io n sh ip  of th e se  p sycho log ica l 
m easu rem en ts  and  biology p e r fo rm a n c e s : -
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Are all the figures of students with FD, FI, f.Int. for each 
sub-group significant?
Session 1987-88 (First Year Biology Students)
Chi - s q u a r e  = 13.778 
Degrees of freedom = 4 
Tail probability = 0.0080
Data Display (3 rows x 3 cols)
X >  1 X = 6 X ^ 5
Row col 1 col 2 col 3
1 45.0000 27.0000 21.0000 = FI
2 30.0000 27.0000 31.0000 = F.Inter
3 24.0000 26.0000 42.0000 = FD
Chi-square table (3x3)
Row col 1 col 2 col 3 Row sum
1 45.000 27.000 21.000 93.000
33.725 27.253 32.022
(3.77) (0.00) (3.79)
2 30.000 27.000 31.000 88.000
31.912 25.788 30.300
(0.11) (0.06) (0.02)




sum 99.000 80.000 94.000 273.000
For 4 degrees of freedom X = 13.8
Critical value of X 2 for 1% significance level = 13.28 
Results are significant at 1% level
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1 -  T h e  v a r ia b le  of the  s tu d e n ts '  s co re s  of F D /F I was d e te rm in ed  by
u s in g  th e  HFT, as explained p r e v io u s ly .  I t  is  th e  s tu d e n t s '  
ab i l i ty  to  s e p a ra te  and  d is t in g u ish  an item from its  c o n te x t  in te rm s  
of b io logy ; i t  is the  s tu d e n t s '  ab ili ty  to ana lyze  th e  d a ta  a n d  p ic k  
u p  th e  r e le v a n t  while d isca rd in g  th e  i r r e l e v a n t  d a ta .
2 -  T h e  m o d e ra to r ,  the  s tu d e n ts '  X -sp a c e ,  was d e te rm in e d ,  as  e x p la in e d
p re v io u s ly .  I t  is the  maximum n u m b e r  of items of in form ation  o r  
d is c re te  c h u n k s  which the  s tu d e n t  can hold in mind at any  one time 
d u r in g  th e  solving of th e  q u es tio n .
3 -  T h e  d e p e n d e n t  va r iab le  is th e  s tu d e n t s '  ach ievem en t in biology
exam ina t ions .  T hese  were th e i r  sc o re s  on two conven tiona l 
u n iv e r s i ty  c lass  exam inations.
T e s t in g  H y p o th e s is  No. 1 (page 68)
T h e re  is a re la tionsh ip  be tw een  F D /F I  a n d  biology p e r fo rm a n c e .  
B y u s in g  s c a t t e r  d iagram s and  P e a rso n  P roduc t-M om ent C orre la tion  to 
r e la te  sc o re s  in biology and  scores  on the  F D /F I  t e s t ,  we o b ta in ed  a 
p o s i t iv e  co r re la t io n  s ign if ican t a t  th e  5% lev e l .  So th e re  is a re la t io n ­
sh ip  be tw een  th e  s tu d e n t s '  FD/FI s c o re s  an d  th e i r  a t ta in m en t in b io logy 
ex am in a t io n s .  T h is  can also be seen  b y  com paring  th e  s tu d e n t s '  mean 
s c o re s  w ithin th e  th r e e  g ro u p s  of d i f f e re n t  d e g re e s  of F D /F I  in two 
c la ss  ex am in a t io n s .
T ab le  (6 .3)  shows the  s tu d e n t s '  mean sc o re s  an d  s t a n d a r d  
d ev ia t io n s  in two biology class exam inations .
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Figure 6. 8 .  Scatter diagram for X = 6 of c la ss  exam ination March 1987
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Table  (6 .3 )
G roups 1st C lass Exam 2nd Class Exam
Mean score SD Mean sco re SD
FD (N=92) 55.8 12.9 47.5 11.9
F . I n t e r  (N=88) 57.5 11.8 48.4 12.4
FI (N=93) 60.8 12.1 51.8 11.5
T e s t in g  H ypo thes is  No. 2 (page  68)
FI su b jec ts  should  perfo rm  b e t t e r  in biology th a n  F D .
T ab le  (6 .3 )  shows the  r e s u l t s  of th e  s tu d e n t s  in two exam ina tions .
T h e  r e s u l t s  in d ica ted  th a t  th e  mean score  of a FI s tu d e n t  is h ig h e r  
th a n  a FD s tu d e n t ,  so th e re  is a re la tion  be tw een  cogn itive  s ty le  (FD / 
F I) a n d  s tu d e n t s  p e rfo rm ance ,  b u t  no t s ig n if ican tly .
Also from th e  r e s u l t s  in Table  (6 .3 )  a n d  F ig u re s  6 .2 ,  6 .3 ,  6 .4  
6 .5 ,  6 .6 ,  6. 7, '^ . ,9 1 we in fe r  th a t  ab ility  in biology is r e la te d  to th e
a b i l i ty  to d is t in g u is h  "signal" from "noise" . T h e re fo re ,  in g e n e ra l ,  th e r e
is a t r e n d  in s u p p o r t  of h y p o th e s is  No. 2 on p a g e  68
T e s t in g  H ypo thes is  No. 3 (page  68)
FI w ith  h igh  X -space  shou ld  perfo rm  b e t t e r  th a n  low X -s p a c e  
with F I ;  in o th e r  w ords , th e  b e s t  biology p e rfo rm a n ce  sh o u ld  b e  
fo u n d  among s tu d e n t s  with h igh  capac ity  and  who a re  Field I n d e p e n d e n t  
T ab le  (6 .4 )  shows th e  means an d  s t a n d a r d  d e v ia t io n s  in two 
bio logy c lass  exam inations for all g ro u p s  of d i f fe re n t  X -sp a c e .
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T ab le  (6 .4 )  . Means an d  s ta n d a rd  devia tions  for s tu d e n t s  of d i f f e r e n t  
X -space  in two biology class  exam inations (N = 273)
G roups
FD F . I n t e r FI











































5 l . X
13.8
11.1
(possib le  score  = 100)
T h e r e f o re ,  we o b se rv e  from Table (6 .4 )  th a t  FI su b je c ts  w ith  h ig h e r  
X -s p a c e  h ad  h ig h e r  mean sco res  in b o th  biology t e s t s .  T h e s e  a re  
in s u p p o r t  of h y p o th e s is  3' on page  68.
So th e  following a re  th e  main o b se rv a tio n s
1 -  T h e  h ig h e s t  sco res  in the  biology exams came from s tu d e n t s  of
h ig h e r  w orking memory capac ity  who a re  Field In d e p e n d e n t .
2 -  S tu d e n t s  of h ig h e s t  cap ac ity  (> 7) who a re  Field D ep en d en t ,  h a d
th e  low est mean sc o re s  of all the  g ro u p s .
3 -  S tu d e n t s  of lowest capac ity  (^ 5) who a re  F ield D e p e n d e n t ,  h a d
a s l ig h t ly  h ig h e r  mean score  than  o th e rs  in th e ir  c ap a c ity  g ro u p .
T h ese  r e s u l t s  seem to be c o n tra d ic to ry  an d  d if f icu lt  to 
i n t e r p r e t .  H ow ever, a con s id e ra t io n  of the  n a tu r e  of th e  exam s may
87
help  to explain the  r e s u l t s .
Each exam c o n s is te d  of 50% multiple choice q u e s t io n s  w hich a re  
m ainly a t  recall level.  The remaining 50% is made up  of 
com prehens ion  and  application  ques tions  involv ing  d a ta  h a n d l in g ,  g r a p h  
i n t e r p r e ta t io n  an d  o th e r  h ig h e r  o rd e r  sk il ls .  I t  cou ld  b e  t h a t  f ixed  
r e s p o n s e ,  reca ll  ( reco g n it io n )  ques tions  favou r  the  F ie ld  D e p e n d e n t  
c a n d id a te s ,  while th e  open en d ed ,  open re s p o n s e  e x t ra c t io n  of r e le v a n t  
d a ta  q u es t io n s  fav o u r  th e  Field In d e p e n d e n t  c a n d id a te s .
Field In d e p e n d e n t  s tu d e n ts  may have  d if f icu l ty  w ith  f ixed  
r e s p o n s e  q u es tio n s  in th a t  none of th e  r e s p o n se s  ava ilab le  may seem to 
them  to  be  s a t i s f a c to ry .
6 .6  Conclusions
T he  f in d in g s  in th is  C h ap te r  lead  to th e  following co n c lu s io n s :
1 -  T h e re  is ev idence  in favour  of th e re  be ing  a re la t io n s h ip  b e tw een
th e  s tu d e n t s ’ s co re s  of F D /F I ,  and  th e i r  a t ta in m en t s c o re s  in the  
biology exam inations  ( s u p p o r t in g  h y p o th e se s  2 on p a g e  68 ) .
2 -  S ince  th e re  is weak corre la tion  betw een the  s tu d e n t s '  s c o re s  of HFT
a n d  th e ir  sc o re s  in th e  biology exam inations , in th e  c a se  of X ^ 5 
s tu d e n t s ,  i t  could  be  th a t  the  multiple choice elem ent f a v o u r s  FD o v e r  FI.
3 -  T h e  mean biology sco res  of s tu d e n ts  with h igh  c a p a c i ty  who a re
F ie ld  In d e p e n d e n t  a r e  the  b e s t  ( s u p p o r t in g  h y p o th e s i s  3 on 
p a g e  68) .
4 -  In  th e  Field I n d e p e n d e n t  column, th e  mean sco res  of X } 7 s tu d e n t s
a r e  h ig h e r  th a n  X = 6 and  bo th  are  h ig h e r  th an  X ^  5 s tu d e n t s .
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5 T h e re  is a re la t io n sh ip  between the  s tu d e n t s  m e a su re d  X -sp a ce  
a n d  th e i r  s co re s  of FD /FI ( s u p p o r t in g  h y p o th e s is  1 on p ag e  68
6 -  In  th e  FD colum n, th e  mean sco res  of low ca p a c i ty  a re  h ig h e r  th a n
fo r  h ig h  cap ac ity  s tu d e n t s .
Now we can summarise all th a t  has  b een  m en tioned  into th e  
following f ig u r e s .
Figure 6 .10 shows the relationship between students' X-space and the score 




Figure 6 . 1 1  shows the relationship between students' X-space and their 
degree of FD/FI.




[e.g. 45% H.cap. students 
are FI)
Figure 6.l2shows the relationship between students' score of FD/FI and 
their performance within their X-space. 
mean score 61.1







P a r t  of th e  r e s e a r c h  which has  c o n s t i tu te d  th is  w ork h a s  b e e n  
in to  th e  l i t e r a t u r e  of mental capacit ies .
Now we shall t r y  to re la te  th e  r e s u l t s  of o u r  in v e s t ig a t io n s  to 
th e  p r e d ic t iv e  model which was d e sc r ib e d  in C h a p te r s  2 a n d  3, a n d  will 
t h u s  make some te n ta t iv e  conclusions a b o u t th e  s tu d e n t s '  X -sp ace  
c a p a c i t ie s .
We will also cons ide r  some possib le  im plications of su ch  
s u g g e s t io n s  fo r  th e  classroom te a c h e r ,  and  make some recom m endations  
w h ic h ,  we h o p e ,  could  lead to some genera l im provem en ts  in le a rn in g .
7 .1  Sum m ary of th e  Work
An in d iv id u a l  has  limited space in w hich to hold inform ation 
a n d  to th in k  ab o u t i t .  T h is  leads us  to th in k  how we can im prove th a t  
u s e  of sp a c e  to cope with ques tions  of g r e a te r  com plexity . In  th is  way 
we a r e  a t te m p tin g  to im prove the  s tu d e n t 's  p e r fo rm a n c e  in sc ience .
J o h n s to n e  (591 p ro p o sed  a model th a t  la id  em phasis  on th e  
r e la t io n s h ip  b e tw een  s tu d e n ts '  w orking memory s p ace  an d  th e i r  ch e m is try  
p e r fo rm a n c e .  T h is  model was co n s id e re d  to be  a p re d ic t iv e  model, b a s e d  
on in fo rm a t io n -p ro c e ss in g  fo r  p rob lem -so lv ing .  We a t te m p te d  to u se  th e  
model to r a is e  te s ta b le  h y p o th e ses  for u se  w ith b io logy s tu d e n t s  a t th e  
U n iv e r s i ty  of Glasgow. T he  s tu d y  co n s is te d  of two p a r t s .
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F i r s t  of all we m easured  s tu d e n t s '  w ork ing  sp ace  (X -sp ac e )  
b y  t h r e e  s ta n d a rd i s e d  psychological t e s t s ,  an d  d iv id ed  th e  s tu d e n t s  
in to  t h r e e  g ro u p s :  i) s tu d e n ts  with h igh  X -sp a ce  capac ity  (X = 7 ,8 ) ,
ii) s t u d e n t s  w ith  low X -space  capacity  (X = 4 ,5 ) ,  an d  iii) s t u d e n t s  w ith  
medium X -sp a c e  capacity  (X = 6).
We re la te d  s tu d e n ts '  X -space  to th e i r  p e rfo rm an ce  in b io logy 
c la ss  exam inations  and  final r e s u l t s  of d e g re e  exam s o ver  a tw o -y e a r  
p e r io d .  We an a ly se d  each exam for th e  dem and of i ts  q u e s t io n s  an d  
th e i r  fac i l i ty  v a lu es  for each capacity  sub  g r o u p .
We came to the  following c o n c lu s io n s :-
1 -  T h e r e  is  a limited h o ld in g - th in k in g  space  fo r  an in d iv id u a l  which
can  limit th e  ab ility  to solve problem s of d i f f e re n t  com plexity .
2 -  T h e r e  is  s t ro n g  nega t ive  corre la tion  ( r  = 0 .8) be tw een  th e  two
v a r ia b le s  of facility  value and  ques tion  dem and .
3 -  T h e r e  is a re la t io n sh ip  betw een s tu d e n t s '  w ork ing  memory sp ace
a n d  th e i r  p e rfo rm ance .
4 -  T h e  mean sco re  of s tu d e n ts  of h ig h  X -sp a ce  is  b e t t e r  th a n  th a t  of
s t u d e n t s  w ith  low X -space .  In  o th e r  w o rd s ,  s tu d e n t s  w ith  h ig h  
X -s p a c e  te n d  to perform  b e t te r  th a n  s tu d e n t s  with low
X -space .
5 -  A q u e s t io n  of low demand (Z n< 4) does no t d isc r im ina te  b e tw een
s u b  g ro u p s  of capac ity .  In o th e r  w o rd s ,  th e  r e s u l t s  could  be  
i n t e r p r e t e d  to conclude th a t  when th e  dem and of biological items is 
r e la t iv e ly  low (4 ,5 ) ,  X -space of s tu d e n t s  is  no t an im p o r tan t  
f a c to r  in s t u d e n t s ’ su ccess .  T h is  was confirm ed  by  Niaz. (82)
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6 -  In  all c a s e s ,  when the  demand of th e  q u e s t io n  in c re a s e s ,  th e
p e r fo rm a n c e  will d ec rease .  T h is  is also confirm ed b y  Niaz. (83)
In  g e n e ra l ,  the  s tu d e n ts  of X ^  5 d ro p p e d  b e fo re  s tu d e n t s  
of X = 6, and  b o th  befo re  X ^  7 s tu d e n t s .
T h is  and  o th e r  ev idence show th a t  th e  X -sp a ce  is n e c e s s a r y  
fo r  s u c c e s s ,  b u t  is no t a su ff ic ien t cond ition ,  as shown in th e  
following d iagram .
7 -  A t final d e g re e  exam s ta g e ,  s tu d e n t s  w ith  h ig h  capac ity  were most
l ike ly  to be  exem pt and  least  likely  to fail .  Low capac ity  s tu d e n t s  
w ere  le a s t  likely to be exem pt a n d  most likely  to fail. T he  
following tab le  shows th is .
T a b le  show s th e  p e rc e n ta g e s  of exem ption , p a s s ,  a n d  fa i lu re  for each  
s u b - g r o u p 's  capac ity  -  1st y ea r  biology s tu d e n t s  -  o v e r  tw o -y e a r  p e r io d
G roup
Exemption P ass Failu re
1986-87 1987-88 1986-87 1987-88 1986-87 1987-88
X < 5 26% '31% 55% 50% 19% 18%
X = 6 35% 47% 53% 36% 12% 17%
X > 7 62% 40% 34% 50% 3% 10%
8 -  In  all c a s e s ,  even  with ques tions  w hich  w ere  w ithin th e i r  c a p a c i ty ,
(Z ^  X ) ,  s tu d e n t  perfo rm ance  was n o t  p e r f e c t  (100%).
9 -  When some s tu d e n t s  in each sub  g ro u p  s u rv iv e  to  solve the
q u e s t io n s  which have  demands g r e a t e r  th a n  th e i r  X -sp a ce  ca p a c i t ie s ,  
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T he  second p a r t  of th e  s tu d y  was invo lved  with o th e r  f a c to r s  
a f fe c t in g  s tu d e n ts '  pe rfo rm ance , s u ch  as cognitive s ty le  ( F D /F I ) .
S tu d e n ts  were d iv ided  in to  th re e  g ro u p s :  th o se  who w ere
la rg e ly  Field D ep en d en t ,  those  who w ere Field I n d e p e n d e n t ,  an d  a 
F ie ld  In te rm ed ia te  g ro u p .
A fte r  r e la t in g ,  on the  one h a n d ,  X -space  cap a c ity  to  th e  
d e g re e  of Field D ependence In d e p e n d e n c e ,  and  on th e  o th e r  h a n d ,  th e  
e x t e n t  of biology perform ance  to Field D e p e n d e n c e /In d e p e n d e n c e , th e  
following p a t t e r n s  were no ted .
1. T h e re  is  d ire c t  re la t io n sh ip  be tw een  s tu d e n t s  F D /F I  sc o re s  an d  th e i r  
b io logy p e rfo rm a n ce .
2. T h e re  is  a d ire c t  re la t io n sh ip  be tw een  s tu d e n t s '  F D /F I  s c o re s  an d  
th e i r  m e asu re d  X -sp a c e .  T h ese  re la t io n s h ip s  a re  sum m arised  in  th e  
following d iagram  ________________________ _______
X -space  0.178 Biology p e rfo rm a n ce
;ignificant a t  10 
V level
0.189
s ign if ican t a t  10% level
0.218
s ig n if ican t  a t  5% level
F D /F I
sco re
3 -  Most people with h igh  capac ity  a re  Field In d e p e n d e n t .
4 -  Most people  of low capacity  a re  F ield  D ep en d en t .
5 -  In  most c a se s ,  Field In d e p e n d e n t  s tu d e n t s  o u t-p e r fo rm  F ield
D e p e n d e n t  s tu d e n t s .
6 -  T h e  s u b -g ro u p  hav ing  the  b e s t  perfo rm ance  is th e  h ig h  cap a c ity
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Fie ld  In d e p e n d e n t  g r o u p .
7 -  E xcep tiona l case . T he  pe rfo rm ance  of s tu d e n t s  of low cap a c ity  who
a r e  Field D ependent is b e t t e r  th a n  th e  p e rfo rm a n ce  of s t u d e n t s  
of low capacity  who a re  Field In d e p e n d e n t .
8 -  T h e  mean score  of all sub  g ro u p s  d e c re a se s  as th e  dem and of th e
item s in c re a se s .
9 -  In  g e n e ra l ,  s tu d e n ts '  w orking  memory space  a n d  th e i r  co g n it iv e
s ty le  a re  r e la te d  to th e i r  s u c c e s s .
7 .2  Implications
The main idea a r is in g  from th e  model is th a t  a b e g in n e r  
a p p ro a c h in g  any  piece of le a rn in g  m ust be g iven  th a t  le a rn in g  in s u c h  
a form as to keep  the  dem and of th e  ta s k  below th e  cap a c ity  of th e  l e a r n e r ,  
a t  le a s t  to beg in  with.
The experim en ta l r e s u l t s  o b ta in ed  in th is  s tu d y  r e v e a le d  a 
d e g re e  of co n s is te n cy  in the  p re d ic t iv e  pow er of th e  w ork ing  model.
T h e s e  r e s u l t s  lead  us to s u g g e s t  th a t  ca re  m ust be ta k e n  to  allow for 
th e  l e a r n e r ' s  limitations of w ork ing  memory space  an d  F ield D e p e n d e n c y .
I t  seem s unlikely  th a t  an y th in g  can be done to e x te n d  th e  a b so lu te  
ca p a c i ty  of s tu d e n t s '  X -space  o r  to a l te r  th e i r  d e g re e  of F ield  D ep e n d ­
e n c e .  T he  way in which sc ien tif ic  fac ts  and  con cep ts  h av e  b een  
t ra d i t io n a l ly  p re s e n te d  has  to be  re -ex am in ed  in o rd e r  to  k eep  th e  
dem and  of the  ta sk  a t  each  s tag e  of th e  lea rn in g  p ro c e s s  w ith in  th e  
r a n g e  of s tu d e n t s '  X -sp ace .  A lso, th e  seq u en ce  of th e  c o u rse  may 
h a v e  to be  r e a r r a n g e d  to help s tu d e n t s  to be able to "chunk"  th e  in fo r -
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mation in to  p rocessab le  s ize .  O rg an ised  know ledge h a s  to be  p ro v id e d  
fo r  th e  s tu d e n t s .  The inform ation  should  be p r e s e n te d  in small 
p o r t i o n s ,  and  a summary of the  le sson  or co u rse  shou ld  b e  p r o v id e d  to 
help  s tu d e n t s  g rasp  th is  m eaningfu l in form ation in smaller a n d  m e an in g ­
fu l  " c h u n k s " ,  or s tu d e n ts  shou ld  be  ta u g h t  s t r a t e g ie s  w hich  could  
en ab le  them to use  th e i r  limitations as eff ic ien tly  as p o ss ib le .  T h is  
will invo lve  th e  teach er  in u n d e r s ta n d in g  th e se  lim itations a n d  te a c h in g  in 
s u c h  a way as  to p ro v id e  s tu d e n t s  w ith th e  means for m ean ing fu l 
l e a r n in g .  What s tu d e n ts  le a rn  is th e  new m ateria l for m aking th e i r  own 
c h u n k in g  dev ices .
To allow for h is  F ield D ep en d en t s tu d e n t s ,  a te a c h e r  s h o u ld  
r e d u c e  e x t ra n e o u s ,  i r r e l e v a n t  inform ation "noise" an d  h ig h l ig h t  th e  
"s igna l"  . He must also help  s tu d e n t s  to re co g n ise  "signal"  from "noise" 
w hen  i t  o c c u rs .
O p p o r tu n it ie s  should  be  given to th e  s tu d e n t s  to p r a c t ic e  th e  
o rg a n is a t io n  of th e ir  th in k in g  befo re  doing ca lcu la t io n s .  In  th i s  way 
th e  load is b ro k en  into a p lan n in g  s tag e  and  a doing  s ta g e .
In  some c a se s ,  a cc o rd in g  to th e  n a tu re  of th e  m ateria l  to be  
le a r n e d ,  th e  inform ation c o n te n t  may, if n e c e s s a r y ,  be  h ig h .  H ow ever ,  
t h e  in form ation  could be  p r e s e n te d  in  th e  form of d ia g ra m s ,  g r a p h s ,  
c h a r t s ,  p ic tu r e s  th ro u g h  m icroscope or concep t m aps, w hich cou ld  th e n  
fu n c t io n  as "chunk ing  d ev ice s" .
I t  is  an t ic ip a te d ,  ta k in g  into accoun t the  p sy ch o lo g ica l  l im ita tions  
e x p lo re d  in th is  w ork , th a t  sym pathe tic  teach ing  would g r e a t ly  im prove  
th e  te a c h in g  of b io logy .
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7. 3 S u g g es tio n s  for F u r th e r  Work
From the  find ings  of th is  w ork , a g r e a t  deal of f u r th e r  r e s e a r c h  
is  n e c e s s a r y ,  since th e re  a re  many problem s which still rem ain u n s o lv e d .
T he su gges tions  for f u r th e r  w ork  can be p u t  b r ie f ly  in  q u e s t io n s
a s  follows:
1 -  Is  th e re  any re la tionsh ip  betw een s tu d e n t s '  X -space  and  th e i r
ab ility  to  co nverge  or d ive rge  in th e i r  th in k in g  ?
2 -  I s  th e re  any  re la tionsh ip  betw een th e  s tu d e n t s '  X -space  an d  th e i r
ab ility  to solve numerical ques tions  of d i f fe re n t  Z-dem and in b io logy?
3 -  Does FD affec t s tu d e n ts '  perfo rm ance  w ith low capacity  w hen th e
qu es tio n  is o p en -en d e d ,  as opposed  to f ixed  re sp o n se  dem and?
4 -  When th e  ques tion  demand is le ss  th a n  the  s tu d e n t 's  c ap a c i ty ,  why
does th e  s tu d e n t  not a tta in  p e r fe c t  pe rfo rm ance?
5 -  Why are  the  X 7 s tu d e n ts  genera lly  b e t t e r  in each qu es tio n  th a n
th e  X = 6 s tu d e n t s ,  and  bo th  give a b e t t e r  a l l-over  p e rfo rm an ce  
th a n  X ^  5 ?
6 -  Why do Field D ependen t s tu d e n t s  w ith low X -sp ace  perfo rm  b e t t e r
in biology than  Field In d e p e n d e n t  s tu d e n t s  with low X -sp a ce  in  
fixed  r e sp o n s e  ques tions  ?
7 -  To w hat e x te n t  can th e  re la t ionsh ip  be tw een  th e  s tu d e n t s '  X -sp a c e
and  th e i r  ability  to solve ques tions  of d i f f e re n t  Z-dem and  be  
ap p l ied  in su b jec ts  o the r  than  biology?
8 -  To w hat e x te n t  does information g iven  an d  th e  a r ra n g e m e n t  of th e
da ta  in th e  question  affect th e  q u e s t io n 's  dem and?
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9 ~ What s t r a te g ie s  do s tu d e n t s  use  to enable  some of them  to p e rfo rm  
su ccess fu lly  in ques tions  w here  Z > X? Can th e s e  s t r a t e g i e s  be  
t r a n s f e r r e d  to o th e r  s tu d e n ts ?  A re  th e  s t r a t e g ie s  g e n e ra l is a b le  
o r  a re  th e y  su b jec t  specific?
10 -  How can we use  th e  th e o ry  to  give d irec tion  to th e  im provem en t 
of all forms of te ach ing  and  le a rn in g ?
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APPENDIX 1(A)
D igits  B ackw ard
In s t ru c t io n s  for th e  A dm inistration  of the  
Digit Span  B ackw ards  (DIB) T es t
We a re  t ry in g  to im prove th e  quality  of ou r  teach ing  a n d  y o u r  le a rn in g  
b y  t r y i n g  to u n d e r s ta n d  b e t t e r  how people hand le  in form ation .
We would like you to u n d e rg o  a simple psychological t e s t  to he lp  u s  in 
o u r  u n d e r s ta n d in g .  In no way will the  r e s u l t s  of th is  t e s t  be  he ld  a g a in s t  
y o u  b u t  we would like to have  y o u r  name and ,  if p o ss ib le ,  y o u r  m a tr icu la t ion  
n u m b e r .
T he  idea is to give you a se t  of p a i rs  of ta sk s  to do. E ach  s u c c e s s iv e  
p a i r  will be  h a r d e r  than  th o se  b e fo re  an d  even tua lly  y o u r  "b ra in  will h u r t "  . 
We would like to know at what level you  can op e ra te  b e fo re  it  does  h u r t .
T r y  as  h a r d  as you can to su cceed .
As an easy  warm u p ,  we a re  going to give you two p a i r s  of p re l im in a ry  
t a s k s .
On th e  tap e  reco rd in g  you  will be  a sk ed  to commit a s e t  of n u m b e rs  to  
memory a n d ,  when the  sp e a k e r  s t o p s , w rite  down th e  n u m b e rs  from le ft  to 
r i g h t  in  th e  b o x es  p ro v id e d .  For exam ple, if I say ,  917, y o u  would w rite  
down 719. Now, no ch ea t in g .  Do no t w rite from r ig h t  to l e f t .  In  th e  
f i r s t  two ta s k s  th e re  will be  fo u r  nu m b ers  an d  in the  second  p a i r  t h e r e  will 
b e  f ive  n u m b e rs .  Listen ca re fu l ly ,  tu r n  the  num ber o v e r  in  y o u r  m ind an d  
w rite  a n d  w rite  down. A re you re a d y ?  T hen  L e t 's  b eg in .
S e r i e s
2 - 2 4
5 8
3 - 6 2  
4 1
4 - 3 2  
4 9
5 - 1 5
6 1
6 - 5 3  
7 2
7 - 8 1  
4 7








9 3 6 5 
9 1 2  8
7 6 2 5 8 













T h a n k  y o u  v e ry  much for y o u r  co -o p era t io n .
NAME Male /Fem ale
MATRIC N O .
. DIGIT s p a n  t e s t
P R A C T IC E  ITEMS
4 -----------------------------




M a l e / F e m a l e
M ATRIC n o .
. DIGIT s p a n  t e s t
Scoring Key
P R A C T IC E  ITEMS
4 -
- - - - ......
5
.............








9 7 ,2 3
8 6 9 4
5 6 8 2 5 1
3 4 8 1 6
L 8 1 4 9 3 50
6 5 8 4 2 . 7
7
5 6 3 9 2 1 8
8 2 t 9 3 7 4
8
8 5 2 6 7 3 4 9




L e t te r s  B ack w ard
In s t ru c t io n  for th e  A dm in is tra tion  of the  
L e t te r  Span B ack w ard s  (LIB) T e s t
We a re  t r y in g  to improve the  qua l i ty  of o u r  te ach in g  a n d  y o u r  
l e a rn in g  by  t ry in g  to u n d e r s ta n d  b e t t e r ,  how people hand le  in form ation .
We would like you  to u n d erg o  a simple p sycho log ica l t e s t  to help  us  in o u r  
u n d e r s t a n d i n g .  T he  re s u l t  will no t a f fec t  y o u r  U n iv e rs i ty  w ork  in an y  
w a y .
T h e  idea is to show you a se t  of p a i r s  of ta s k s  to do. Each  
s u c c e s s iv e  p a ir  will be h a rd e r  than  th o se  b e fo re ,  an d  e v e n tu a l ly  y o u r  
" b ra in  will h u r t"  . We would like to know at what level y o u  can  o p e ra te  
b e fo re  i t  does h u r t .  On the  o v e rh e a d  p ro je c to r  you  will be a s k e d  to 
commit a se t  of l e t t e r s  to memory a n d ,  when th e  e x p o su re  s to p s ,  w rite  
down th e  l e t t e r s  in r e v e r s e  o rd e r  from le ft  to r i g h t  in th e  b o x e s  p ro v id e d .  
No c h e a t in g ,  no w riting  d u r in g  th e  e x p o s u re  p ro c e d u re .  Have you  got 
th a t?  L e t 's  b e g in .
S e r i e s
2 -- B D
E H
3 -- F B I
D A E
4 -- C B G
D I F
5 -- A E B
F A H
6 -- E C I
G B D
7 -- N A G
D G C






D A H 
N E F 
I C F E 
I A B H 
G F B E H 
A I F E C
T h a n k  you  v e r y  much for y o u r  coopera tion .
n a m e
Male/Female







DATE OF BIRTH :
T h is  is a t e s t  of y o u r  ability  to f ind  th e  over lap  of a n u m b e r  of simple 
s h a p e s .
T h e r e  a r e  two s e ts  of simple geometric s h a p e s ,  one on th e  r i g h t  a n d  
th e  o th e r  on th e  le ft .
T h e  s e t  on th e  r ig h t  contains a num ber  of sh a p e s  s e p a ra te d  from each  
o th e r .
T h e  s e t  on th e  le f t  contains the same s h a p e s  (as  on r ig h t )  b u t  o v e r ­
l a p p in g ,  so th a t  th e re  ex is ts  a common a rea  w hich is in s ide  all of th e  
s h a p e s .
Look for a n d  sh ad e  in the  common a re a  of o v e r la p .
*
N ote th e s e  p o i n t s : -
(1) T h e  sh a p e s  on le ft may d iffer  in size o r  position  from th o se  on 
r i g h t ,  b u t ,  th e y  match in shape  and  p r o p o r t i o n s .
(2) In  some items on left some e x t r a  sh a p e s  a p p e a r  which a re  n o t  
p r e s e n t  in th e  r ig h t  h and  s e t ,  and  which do n o t  form a common a r e a  of 
in t e r s e c t io n  with all of the  o the r  s h a p e s .  T h ese  a re  p r e s e n t  to mislead 
y o u  b u t  t r y  to ignore  them.
(3) T he  o v er lap  should  be shaded  c learly  by  u s in g  a p e n .
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Maie/Female
-  ——. 1 } |  Date of B irth
LETTER SPAN TEST
Scoring Key








I G B C
H F I D
5
F H B E A
C D H A F
6
H A D I C E
F E N D B G
7
E F C I G A N
H B A I C G D
8
H E B F G C D I
C E F I A H B G
Notice
1. Show th e  s tu d e n t s  each seria l s e p a ra te ly .
2. Move the  cover to revea l only one le t t e r  a t  a time.
3. Make s u r e  you s tick  s tr ic t ly  to the  time.
4. Make s u re  s tu d e n ts  do not w rite  till se r ie s  is com plete .
MATRIC n o .
(4) T he  r e s u l t s  of th is  t e s t  will n o t  a f fec t  y o u r  schoolw ork  in an y  
way.
* T h is  t e s t  may n o t be  u s e d  w ithou t perm ission  from:
P r o f e s s o r  J .  P ascual-L eone , Room 246 B . S . B . ,  Y ork U n iv e rs i ty
4700 Keele S t r e e t ,  D ownsview, 
O n ta r io ,  M3J I P 3.
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A ss ignm en t of k  Estim ates on the  B asis  of FIT P erfo rm ance
F o u r  k  sco res  were initially a s s ig n e d  to each  su b je c t  on th e  
b a s is  of h i s / h e r  FIT perfo rm ance ; a s ing le  k  sco re  was th e n  com puted  
fo r  each  su b je c t  b a s e d  on th e  four s c o re s .  Each item class  in th e  FIT 
v e rs io n  u s e d  ( e x c e p t  c lass  2) con ta ined  a t le a s t  one item with an 
i r r e l e v a n t  f ig u re ;  th e  i r r e le v a n t  f ig u re  a p p e a re d  in th e  com pound-form  
s e t  b u t  no t in th e  d is c re te  se t  fo r  th e  item. In  g ro u p in g  items into 
c la s s e s ,  items with x r e le v a n t  f ig u re s  and  one i r r e l e v a n t  f ig u re  may 
e i th e r  be  p u t  in to  c lass  x  or into class  x + 1, d e p e n d in g  on w h e th e r  or 
n o t  one a ssum es  th a t  th e  i r r e le v a n t  f ig u re  a d d s  to  ta s k  dem and ( i . e .
Md of item = x o r  x  + 1). The s t r a te g y  of p lac ing  items with x+1 
f ig u r e s  in th e  com pound into class x has  ty p ica lly  b een  u se d  in sco r in g  
th e  F IT . H ow ever, th e re  is some ev idence  (G arc ia ,  A ra g o n ,  O wen, & 
S a c h se ,  1976; P a rk in s o n ,  1975; Skak ich , 1978) th a t  items with an 
i r r e l e v a n t  sh ap e  in th e  compound ac tually  h a v e  an Md of x+1. T h u s ,  
in  th e  p r e s e n t  s tu d y  sco res  were com puted for each  of th e  two w ays of 
c la ss i fy in g  item s. T h ese  two ways of g ro u p in g  items in to  c la sses  are  
r e f e r r e d  to as x  sca ling  (x re le v a n t  + 1 i r r e l e v a n t  = c lass  x )  a n d  x+1 
sca ling  (x r e le v a n t  + 1 i r r e le v a n t  = class x  + 1).
Two k in d s  of k  sco res  were com puted  fo r  each  way of scaling  
th e  item c la s s e s .  One k in d  of score  was th e  K ^  sco re  w hich 
r e p e a te d ly  h as  b e e n  found  to p rov ide  k e s t im a te s ,  close to th e o re tic a l ly -  
a p p r o p r ia te  v a lu es  (F u rm an , 1981; Goodman, 1979b; P a rk in s o n ,  1975;
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P ascu a l-L eo n e  & B u r t i s ,  1975; S k ak ic h ,  1978; Van E sch ,  1978).
T h is  sco re  is o b ta ined  by  g roup ing  th e  items in to  c la sse s  a n d  o b ta in in g  
fo r  each  class  th e  p e rc e n ta g e  of items p a s s e d  in th a t  c la ss .  T he  K ^  
s c o re  is th e  h ig h e s t  s tim ulus class a t  which a t  le a s t  75% of th e  item s a re  
p a s s e d ,  p ro v id e d  th a t  all (o r  all b u t  one) of th e  lower c la sse s  also h a v e
75% p a s s  r a t e s  (a  d rop  to 60% p a s s  in  one lower c lass  is allow ed).
(T h is  sco re  is sometimes r e f e r r e d  to as th e  K gQ s c o re ,  h o w ev er ,  g iven  
th e  n u m b e r  of items in each  FIT c la ss ,  th e r e  is no p ra c t ic a l  d if fe re n ce  
b e tw ee n  u s ing  a p a ss  r a te  of 75% an d  one of 80%) . T h is  way of s c o r in g
y ie ld e d  two sco re s :  K ^  and K
T he second k ind  of k score  is th e  S 1-th e o re t ic a l  (or S IT) sc o re .  
T h is  sco re  is b a sed  on the  s t ro n g  th e o re t ic a l  a ssum ption  th a t  a ch ild  
will so lve  all an d  only those  items with c lass  v a lues  le ss  th a n  or equa l  
to h i s / h e r  Mp ( e . g . ,  if a child has an Mp of 3, s h e /h e  sh o u ld  solve all 
c lass  2 a n d  3 item s, b u t  no items of c la ss  4 or h ig h e r ) .  T h e  sco re  is 
co m p u ted  by  f i r s t  summing th e  num ber of items so lved  a c ro s s  s tim ulus  
c la s s e s  2 th ro u g h  7. One then  u se s  a r a w -s c o re  d is t r ib u t io n  to 
d e te rm in e  w hat SIT score  c o r re sp o n d s  to th e  (sum m ed) raw  p e r fo rm a n ce  
s c o re .  Table  C - l  lis ts  the  d is tr ib u t io n s  for a s s ig n in g  SIT sco re s  for 
th e  x  a n d  x+1 scaling methods for th e  FIT v e rs io n  u s e d  in th e  p r e s e n t  
s t u d y .  (T h e  d is t r ib u t io n s  were c o n s t ru c te d  b a s e d  on th e  s t r o n g  
th e o re t ic a l  assum ption  s ta te d  a b o v e ) . I call th e  SIT sc o re s  S IT -x  a n d  
S I T -x + 1 .
Pascual-L eone  (p e rso n a l  communication, 1982) s u g g e s t s  th a t  
th e  SIT  sco re  may be more re liab le ,  b e ca u se  i t  is  b a s e d  on d a ta  from all
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T ab le  C - l . Raw Score D is tr ib u t io n s  for A ss ignm en t of SIT S co re s  on 
th e  Basis  of FIT (RAC 794) P erfo rm ance
SIT Num ber of C o r re c t  I tem s 
x scaling
(C lasses  2 t h r o u g h  7) 
x+1 sca ling
1 <4 <4






th e  p a s s e d  items. T he  K ^  sco re ,  h o w ev e r ,  may be  more v a l id ,  
b e c a u s e  it is so u n d e r  sem antically , p e g g in g  k a t  th e  h ig h e s t  item c lass  
t h a t  is  re liab ly  p a s s e d .  A single  com posite F IT-K  score  fo r  each  
s u b je c t  was c o n s t ru c te d  in the  following m an n er .  T he  fo u r  k -e s t im a te s  
f o r  th e  su b jec t  w ere exam ined, an d  if a t  le a s t  th r e e  of th e  fo u r  s c o re s  
h a d  th e  same value th e n  th a t  majority va lue  was a s s ig n e d  as th e  F IT -K  
s c o re  ( e . g . ,  sc o re s  of 3, 3, 3, an d  4 y ie ld ed  a F IT -K  of 3 ) .  I f  th e r e  
w as no  m ajority  score  va lue , th en  th e  mean of th e  fo u r  sc o re s  was 
a s s ig n e d  as  th e  F IT -K  score  ( e . g . ,  s c o re s  of 2, 2, 3, 4 y ie ld ed  a F IT -K  
of 2 .7 5 ) ;  decimal va lues  were r e ta in e d .
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APPENDIX 5
1 In  D u ro c - J e r s e y  p ig s  th e  coat colour is u sua lly  r e d .  H ow ever, 
two d if fe re n t  t r u e -b re e d in g  s a n d y -c o lo u re d  lines  (A a n d  B) a re  
know n. If  sandy  p ig s  from e i th e r  of th e se  lines  a r e  m ated  w ith 
th e  normal r e d s ,  the  F-  ^ is r e d  and  the  F 2 's  come o u t  in a ra t io  of 
3 r e d  to 1 san d y .
i) I f  a s an d y  from line A is m ated with a s a n d y  from line B , the  
is  all r e d .  Make a h y p o th e s is  to cover th i s  s i tu a t io n ,  u s in g  
a p p ro p r ia te  gene symbols a n d  a ss ig n in g  p la u s ib le  g e n o ty p e s  to 
th e  F^ animals.
ii) If  th e  F ^ 's  in (i) c a re  c a r r i e d  in to  an F£ g e n e ra t io n  th e  p r o p o r t ­
ion of colour ty p e s  o b ta in ed  is 9 r e d :  6 s a n d y :  1 w hite .
Make a p lausib le  in te rp re ta t io n  of th is  s i tu a t io n .  S ta te  
w h e th e r  th is  in te rp re ta t io n  is c o n s is te n t  w ith y o u r  h y p o th e s i s  
for (i) . I f  n o t ,  give a new , more a p p ro p r ia te ,  a n sw e r  to (i). 
(T h o u g h t  steps=9) (8 m a rk s )
2 -  You a re  p ro v id e d  with c e n t r i fu g e  tu b e s ,  a c e n t r i f u g e ,  phys io log ica l
sa line ,  P a s te u r  p ip e t te s ,  m icroscope s lides  a n d  a m icroscope .
S e p a ra te  blood samples a re  co llec ted  in to  h e p a ra n  (an  a n t ic o a g u la n t)  
from fo u r  donors  who h ave  d i f f e re n t  ABO blood g r o u p s .  How could  
y o u  id e n tify  th e  AB an d  0  in d iv id u a ls  an d  how fa r  cou ld  y o u  go in
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de te rm in ing  the ABO blood group  of th e  rem ain ing  two blood 
sam ples? (T h o u g h t  s te p s  = 9) (8 m arks)
3 -  In  1902, B ateson r e p o r te d  a s tu d y  of a c ro s s  d if fe r in g  in two
c h a r a c te r s .  White L eghorn  c h ic k e n s ,  h av in g  la rg e  "single"  combs 
a n d  white fe a th e r s ,  w ere c ro s s e d  to In d ia n  Game Fowl, w ith  small 
"pea" combs and  d a rk  fe a th e r s .  T he  F-  ^ was w hite with pea  com bs.
A c ro s s  Fj, x  F^ p ro d u c e d  th e  following:
F£: 111 white p ea ,  37 white s in g le ,  34 d a rk  p e a ,  8 d a r k  single ,
P ro v id e  a genetic  h y p o th e s is  to explain  th e s e  r e s u l t s  a n d  t e s t  y o u r
exp lana tion  s ta t is t ic a l ly ,  us ing  the  c h i - s q u a r e d  m ethod . What 
p h e n o ty p e s  and  p ro p o r t io n s  would you e x p e c t  from c ro s s in g  th e  F-  ^
to th e  d a r k - f e a th e r e d  s ing le -com bed  F ^  ( T h o u g h t  s teps=10)
2In form ation : X “ = I  
Probab il i ty
(o b s e rv e d  -  e x p e c te d ) 
e x p e c te d
D e g re e s  of 
F reedom 0.95 0.50 0.10 0.05 0.01 0.001
1 0.004 0.46 2. 71 3.84 6.64 10.83
2 0.10 1.39 4.60 5.99 9.21 13.82
3 0.35 2.37 6.25 7.82 11.34 16.27
(12 m a rk s )
4 -  One of th e  a rea s  h a r d e s t  h i t  by  rad io a c tiv e  fallout from th e  r e c e n t  
C h e rn o b y l  nu c lea r  d is a s te r  was L ap p lan d  in n o r th e r n  S w eden . T he  
v e g e ta t io n  in th is  p a r t  of the  w orld , on which th e  r e in d e e r  a n d  
u ltim ately  man d e p e n d s ,  has  a la rg e  com ponent of l ich en s  which a re
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n o to r io u s  for accum ula ting  metal ions from th e  e n v i ro n m e n t .  T h is  
p r o p e r ty  of lichens  can be s tu d ie d  in th e  la b o ra to ry  b y  a v e r y  simple 
m ethod. A co rk  b o r e r  is u se d  to c u t  uniform c i rc u la r  d isc s  a b o u t  
1 cm d iam eter from th e  fla t th a l lu s  of a su ita b le  lichen  s u c h  a s
P e lt ig e ra  p o ly d a c ty la . T hese  a re  th e n  d y ed  b y  immersion in
m ethy lene b lu e ,  a cationic d y e ,  which b in d s  to anionic s i te s  on th e  
cell wall of the  fu n g a l  com ponent of th e  l ichen . G ro u p s  of equa l 
n u m b e rs  of dyed  d isk s  a re  th e n  a d d e d  to 5 ml of a 10 mM so lu tion  
of a metal ch lo ride ,  su ch  as NaCl. T he  Na+ ions d isp lace  some of 
th e  m ethylene b lue  from th e  lichen  in to  th e  s u p e rn a te  w hose optical 
d en s i ty  is r e a d  in a s p e c tro p h o to m e te r .  T he  g r e a te r  th e  a f f in i ty  
of th e  lichen  for the  metal ca t ion ,  th e  more m ethylene b lu e  is  
r e le a s e d .  In th is  way th e  r e la t iv e  a ff in i t ie s  of d i f f e re n t  metal 
ca t ions  for the  lichen  can be com pared .
In  a class  experim en t the  following r e s u l t s  w ere  ob ta in ed :
Metal chloride
to  w hich the  d isk s  O ptical d e n s i ty  Atomic V alency
of d y e d  lichen  w ere of s u p e rn a te  Weight
ex p o se d  u n d e r  a t  540 nm (to  n e a r e s t
s t a n d a r d  conditions whole num ber)
aluminium 
caesium (C s) 
calcium (Ca) 
cobaltic  (Co) 
f e r r ic  (Fe) 
lithium  (Li) 
m agnesium  (Mg) 
po tass ium  (K) 
sodium (Na) 
































a) U sing  the chemical sym bols, a r r a n g e  th e  elem ents  in o r d e r  of 
in c re a s in g  b in d in g  a ff in i ty  for the l ichen ,  s t a r t in g  w ith  th e  lowest, 
i . e .  in a form at:
X < Y < Z <...........
b )  Comment b r ie f ly  on the  re la tionsh ip  betw een th is  o r d e r  a n d  the  
va lency  an d  atomic w eigh t of the  e lem ents . ( T h o u g h t  s te p s  = 7.)
(5 m arks)
5 -  O xida tive  p h o sp h o ry la t io n  may be d e te c te d  as ATP p ro d u c t io n  w hich 
in t u r n  can be  q u an t if ied  as l igh t o u tp u t  u s in g  th e  lu c i fe r in -  
lu c ife ra se  system  ( f ire f ly  ta i l s ) .  An exp er im en t is  c a r r i e d  ou t in 
which liver  m itochondria ,  p y r u v a te ,  NADH an d  o x y g e n  a re  p r e s e n t .  
When p laced  in a p p ro p r ia te  l ig h t-m e a su r in g  a p p a r a tu s  th e  following 
c u rv e  of l ig h t  o u tp u t  is ob ta ined  m arked  "A" in th e  f ig u re  below. 
S im ultaneously  the  concen tra tion  of NADH is o b ta in e d  b y  a second  
p ro c e d u re ;  th is  is p lo t ted  as cu rv e  " BM. T he  p ro c e d u r e  is th e n  
r e p e a te d  in th e  p r e s e n c e  of two d if fe re n t  c o n c e n tra t io n s  of r e a g e n t  
"C" a t c o n ce n tra t io n s  1 and  2 (labelled  1 an d  2 on th e  g r a p h ) .
T he  con cen tra t io n  of "C" is h ig h e r  in "2" th a n  in "1". L igh t  
o u tp u t  an d  NADH c u rv e s  were o b ta ined  as shown on th e  f ig u re .
Explain  w hat r e a g e n t  "C" may be doing to th e  sy s tem .
(T h o u g h t  s te p s  = 6)










C L A SS: SCORE:
T h is  i s  a t e s t  o f  y o u r  a b ility  to  f in d  a s im p le  sh a p e  w h en  it  is  h id d en  
w ith in  a co m p lex  p a t te r n . T h e  r e s u l t s  w ill n o t  a f f e c t  y o u r  u n iv e r s i ty  w ork  
in  a n y  w a y .
E xam p le ( 1 ) ’
H ere  i s  a sim ple sh a p e  w h ich  w e h a v e  la b e l le d  ( X ) :
(X )
T h is  sim p le  sh a p e  i s  h id d en  w ith in  th e  m ore co m p lex  f ig u r e  b elow :
T r y  to  f in d  th e  sim p le s h a p e  in  t h e  c o m p lex  f ig u r e  a n d  tr a c e  i t  in  p en  
d ir e c t ly  o v e r  th e  l in e s  o f  th e  co m p lex  f i g u r e .  I t  i s  th e  sam e s iz e ,  in  th e  
sam e p r o p o r t io n s ,  a n d  fa c e s  in  t h e  sa m e  d ir e c t io n  w ith in  th e  co m p lex  f ig u r e  
a s  w h en  i t  a p p e a r e d  a lo n e .
H ere  i s  th e  a n sw er  y o u  
s h o u ld  h a v e  o b ta in ed  :
E xam p le (2 )  :
F in d  a n d  tr a c e  th e  sim p le s h a p e  ( Y ) in  th e  co m p lex  f ig u r e  b e s id e  it.
(Y)
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T h e  an sw e r  is
In  th e  following p a g e s ,  p rob lem s like the  ones above will 
a p p e a r .  On each  p ag e  you will see a complex s h a p e ,  an d  b es id e  i t  will 
b e  an  ind ication  of th e  simple shape  w h ich  is h id d en  in i t .  For each  
p ro b lem , t r y  to t r a c e  th e  simple sh ap e  in p en  over th e  l ines  of th e  complex 
s h a p e .
Note th e se  p o in t s :
(1) R ub  out all m is takes .
(2 )  Do th e  problem s in o rd e r .  D on 't sk ip  a problem  u n le ss  you a re  
a b so lu te ly  s tu c k  on i t .
(3 )  T ra c e  only one simple sh ap e  in each  p ro b le m . You may see more 
th a n  one, b u t  ju s t  t r a c e  one of them .
(4) T h e  simple sh ap e  is always p r e s e n t  in th e  complex f ig u re  in  th e  
same s iz e ,
same p r o p o r t io n s ,
a n d  facing  in th e  same d i r e c t io n ;
as  i t  a p p e a rs  alone.
(5) Look b ack  a t  the  simple forms as  o f ten  a s  n e c e s s a ry .
Now: A ttem pt each of th e  items on th e  following s h e e t s : -
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SIMPLE FORMS
W H W B M B M B M ilM M
a o
0  E
Find Simple Form “C
Find Simple Form “O'
Find Simple Form ,4B'
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Find Sim ple Form “ E*
Find Simple Form
Find Simple Form “A*1
Find Sim ple Form
Find Sim ple Form "G M




Find Sim ple Form “C 1
Find S im ple Form “ D'
Find Sim ple Form " 6 ‘
Find S im ple Form “A"
Find Simple Form **D'
Find Simple Form “E*
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